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A B S T R A C T

Background

Clinical guidelines diAer regarding their recommended blood glucose targets for patients with type 1 diabetes and recent studies on
patients with type 2 diabetes suggest that aiming at very low targets can increase the risk of mortality.

Objectives

To assess the eAects of intensive versus conventional glycaemic targets in patients with type 1 diabetes in terms of long-term complications
and determine whether very low, near normoglycaemic values are of additional benefit.

Search methods

A systematic literature search was performed in the databases The Cochrane Library, MEDLINE and EMBASE. The date of the last search
was December 2012 for all databases.

Selection criteria

We included all randomised controlled trials (RCTs) that had defined diAerent glycaemic targets in the treatment arms, studied patients
with type 1 diabetes, and had a follow-up duration of at least one year.

Data collection and analysis

Two review authors independently extracted data, assessed studies for risk of bias, with diAerences resolved by consensus. Overall study
quality was evaluated by the 'Grading of Recommendations Assessment, Development, and Evaluation' (GRADE) system. Random-eAects
models were used for the main analyses and the results are presented as risk ratios (RR) with 95% confidence intervals (CI) for dichotomous
outcomes.

Main results

We identified 12 trials that fulfilled the inclusion criteria, including a total of 2230 patients. The patient populations varied widely across
studies with one study only including children, one study only including patients aBer a kidney transplant, one study with newly diagnosed
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adult patients, and several studies where patients had retinopathy or microalbuminuria at baseline. The mean follow-up duration across
studies varied between one and 6.5 years. The majority of the studies were carried out in the 1980s and all trials took place in Europe
or North America. Due to the nature of the intervention, none of the studies could be carried out in a blinded fashion so that the risk of
performance bias, especially for subjective outcomes such as hypoglycaemia, was present in all of the studies. FiBy per cent of the studies
were judged to have a high risk of bias in at least one other category.

Under intensive glucose control, the risk of developing microvascular complications was reduced compared to conventional treatment
for a) retinopathy: 23/371 (6.2%) versus 92/397 (23.2%); RR 0.27 (95% CI 0.18 to 0.42); P < 0.00001; 768 participants; 2 trials; high quality
evidence; b) nephropathy: 119/732 (16.3%) versus 211/743 (28.4%); RR 0.56 (95% CI 0.46 to 0.68); P < 0.00001; 1475 participants; 3 trials;
moderate quality evidence; c) neuropathy: 29/586 (4.9%) versus 86/617 (13.9%); RR 0.35 (95% CI 0.23 to 0.53); P < 0.00001; 1203 participants;
3 trials; high quality evidence. Regarding the progression of these complications aBer manifestation, the eAect was weaker (retinopathy)
or possibly not existent (nephropathy: RR 0.79 (95% CI 0.37 to 1.70); P = 0.55; 179 participants with microalbuminuria; 3 trials; very low
quality evidence); no adequate data were available regarding the progression of neuropathy. For retinopathy, intensive glucose control
reduced the risk of progression in studies with a follow-up duration of at least two years (85/366 (23.2%) versus 154/398 (38.7%); RR 0.61
(95% CI 0.49 to 0.76); P < 0.0001; 764 participants; 2 trials; moderate quality evidence), while we found evidence for an initial worsening
of retinopathy aBer only one year of intensive glucose control (17/49 (34.7%) versus 7/47 (14.9%); RR 2.32 (95% CI 1.16 to 4.63); P = 0.02;
96 participants; 2 trials; low quality evidence).

Major macrovascular outcomes (stroke and myocardial infarction) occurred very rarely, and no firm evidence could be established
regarding these outcome measures (low quality evidence).

We found that intensive glucose control increased the risk for severe hypoglycaemia, however the results were heterogeneous and only
the 'Diabetes Complications Clinical Trial' (DCCT) showed a clear increase in severe hypoglycaemic episodes under intensive treatment. A
subgroup analysis according to the baseline haemoglobin A1c (HbA1c) of participants in the trials (low quality evidence) suggests that the
risk of hypoglycaemia is possibly only increased for patients who started with relatively low HbA1c values (< 9.0%). Several of the included
studies also showed a greater weight gain under intensive glucose control, and the risk of ketoacidosis was only increased in studies using
insulin pumps in the intensive treatment group (very low quality evidence).

Overall, all-cause mortality was very low in all studies (moderate quality evidence) except in one study investigating renal allograB as
treatment for end-stage diabetic nephropathy. Health-related quality of life was only reported in the DCCT trial, showing no statistically
significant diAerences between the intervention and comparator groups (moderate quality evidence). In addition, only the DCCT published
data on costs, indicating that intensive glucose therapy control was highly cost-eAective considering the reduction of potential diabetes
complications (moderate quality evidence).

Authors' conclusions

Tight blood sugar control reduces the risk of developing microvascular diabetes complications. The evidence of benefit is mainly from
studies in younger patients at early stages of the disease. Benefits need to be weighed against risks including severe hypoglycaemia, and
patient training is an important aspect in practice. The eAects of tight blood sugar control seem to become weaker once complications
have been manifested. However, further research is needed on this issue. Furthermore, there is a lack of evidence from RCTs on the eAects
of tight blood sugar control in older patient populations or patients with macrovascular disease. There is no firm evidence for specific
blood glucose targets and treatment goals need to be individualised taking into account age, disease progression, macrovascular risk, as
well as the patient's lifestyle and disease management capabilities.

P L A I N   L A N G U A G E   S U M M A R Y

Intensive glucose control versus conventional glucose control for type 1 diabetes mellitus

Review question

The primary objective of this review was to assess the positive and negative outcomes of tighter blood glucose control ('intensive' glucose
control) compared to less intense treatment targets ('conventional' glucose control) in individuals with type 1 diabetes.

Background

Treatment of type 1 diabetes consists of life-long blood sugar control through insulin replacement. It is generally agreed that achieving
'good' blood sugar control while avoiding episodes of very low blood sugars (severe hypoglycaemia) should be the primary treatment goal
for individuals with type 1 diabetes. However, clinical guidelines diAer regarding their recommended blood glucose targets.

Study characteristics

We identified 12 relevant studies, which included a total of 2230 participants. The participant populations varied widely across studies
regarding age, disease duration, and existing diabetes complications. The mean follow-up duration across studies varied between one and
6.5 years. The majority of the studies were carried out in the 1980s and all studies took place in Europe or North America.
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Key results

We found that intensive glucose control was highly eAective in reducing the risk of developing microvascular diabetes complications, such
as retinopathy (eye disease), nephropathy kidney disease), and neuropathy (nerve disease). For developing retinopathy, 63 per 1000 people
with intensive glucose control compared to 232 per 1000 people with conventional glucose control experienced this diabetes complication.
For developing nephropathy, 159 per 1000 people with intensive glucose control compared to 284 per 1000 people with conventional
glucose control experienced this diabetes complication. For developing neuropathy, 49 per 1000 people with intensive glucose control
compared to 139 per 1000 people with conventional glucose control experienced this diabetes complication.

A weaker eAect was found on the progression of retinopathy, while we could not find clear evidence of benefit of tight blood sugar control
on the progression of nephropathy once participants had developed microalbuminuria (the kidney leaking small amounts of the protein
albumin into the urine); no adequate data were available regarding the progression of neuropathy.

Major macrovascular outcomes (such as stroke and myocardial infarction) occurred very rarely; therefore we could not draw firm
conclusions from the studies included in this review.

We found that intensive glucose control can increase the risk of severe hypoglycaemia, however the results varied across studies and only
one big study showed a clear increase in severe hypoglycaemic episodes under intensive treatment. An analysis according to haemoglobin
A1c (HbA1c) levels (a long-term measure of glucose control) at the start of the study suggests that the risk of hypoglycaemia with intensive
glucose control is possibly only increased for people who started the study with relatively low HbA1c values (less than 9.0%).

There were very few data on health-related quality of life, death from any cause, and costs. Overall, mortality was very low in almost all
studies. The eAects of intensive glucose control on health-related quality of life were unclear and were consistent with benefit or harm.
One study reported that intensive glucose control could be highly cost-eAective when considering the potential reduction of diabetes
complications in the future.

Tight blood sugar control reduced the risk of developing microvascular diabetes complications. The main benefits identified in this review
came from studies in younger individuals who were at early stages of the disease. Appropriate patient training is important with these
interventions in order to avoid the risk of severe hypoglycaemia. The eAects of tight blood sugar control seem to become weaker once
complications occur. However, further research is needed on this issue. Furthermore, there is a lack of evidence from randomised controlled
trials on the eAects of tight blood sugar control on older patient populations or individuals with macrovascular disease. There is currently
no firm evidence for specific blood glucose targets, therefore treatment goals need to be individualised, taking into account age, disease
progression, macrovascular risk, as well as people's lifestyle and disease management capabilities.

Quality of the evidence

For the majority of outcomes we evaluated the overall quality of evidence as moderate or low (analysed by the 'Grading of
Recommendations Assessment, Development, and Evaluation' (GRADE) system).

Currentness of data

This evidence is up to date as of December 2012.
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Summary of findings for the main comparison.   Intensive glucose control versus conventional glucose control for type 1 diabetes mellitus

Intensive glucose control versus conventional glucose control for type 1 diabetes mellitus

Patient or population: persons with type 1 diabetes mellitus

Settings: outpatient clinics in North America and Europe
Intervention: intensive glucose control

Comparison: conventional glucose control

Illustrative comparative risks*
(95% CI)

Assumed risk Corresponding
risk

Outcomes

Control Intensive
treatment

Relative effect
(95% CI)

No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Macrovascular complications

Follow-up: 1 - 6.5 years

See comment ⊕⊕⊝⊝

low a
Macrovascular outcomes were not con-
sidered as primary outcomes in any of
the included studies and most studies
did not report this outcome; myocardial
infarctions and strokes were very rare

Microvascular complications  

Manifestation of retinopathy 
Follow-up: 5 - 6.5 years

232 per 1000 63 per 1000 
(42 to 97)

RR 0.27 
(0.18 to 0.42)

768 (2) ⊕⊕⊕⊕

high b
 

Progression of retinopathy 
Follow-up duration ≥ 2 years;
follow-up: 5 - 6.5 years

387 per 1000 236 per 1000 
(190 to 294)

RR 0.61 
(0.49 to 0.76)

764 (2) ⊕⊕⊕⊝

moderate c
 

Progression of retinopathy 
Follow-up duration < 2 years;
follow-up: 1 year

149 per 1000 346 per 1000 
(173 to 690)

RR 2.32 
(1.16 to 4.63)

96 (2) ⊕⊕⊝⊝

low d
 

Manifestation of nephropa-
thy 
Follow-up: 3.5 - 6.5 years

284 per 1000 159 per 1000 
(131 to 193)

RR 0.56 
(0.46 to 0.68)

1475 (3) ⊕⊕⊕⊝

moderate e
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Progression of nephropathy 
Follow-up: 5 - 6.5 years

14 per 1000 11 per 1000 (5
to 24)

RR 0.79

(0.37 t0 1.70)

179 (3) ⊕⊝⊝⊝

very low f
 

Manifestation of neuropathy 
Follow-up: 5 - 6.5 years

139 per 1000 49 per 1000 
(32 to 74)

RR 0.35 
(0.23 to 0.53)

1203 (3) ⊕⊕⊕⊕

high g
 

Progression of neuropathy See comment Not adequately investigated

Adverse events  

Severe hypoglycaemia, base-
line HbA1c < 9.0

Follow-up: 1.5 - 6.5 years

351 per 1000 590 per 1000 
(453 to 769)

RR 1.68 
(1.29 to 2.19)

1583 (3) 1a. ⊕⊕⊝⊝

low h
 

Severe hypoglycaemia, base-
line HbA1c ≥9.0

Follow-up: 1 - 5 years

104 per 1000 108 per 1000 
(68 to 170)

RR 1.04 
(0.66 to 1.64)

525 (8) 1b. ⊕⊕⊝⊝

low h
 

Ketoacidosis

Follow-up: 1 - 2 years

21 per 1000 95 per 1000

(50 to 866)

OR 4.93

(1.18 to 20.60)

96 (3) 2. ⊕⊝⊝⊝

very low i
In studies using insulin pumps

Health-related quality of life

Follow-up: 6.5 years

See comment 1441 (2) ⊕⊕⊕⊝

moderate j
Only the DCCT reported on this out-
come using several instruments (Dia-
betes-Quality of Life Measure (DQHL),
Symptom-Checklist-90R, Medical
Outcome Study 36-Item Short Form
(SF-36)); none of these measures
showed a statistically significant differ-
ence between the intervention and com-
parator groups

All-cause mortality

Follow up: 1 - 6.5 years

14 per 1000 13 per 1000

(13 to 60)

OR 1.02 (0.48 to
2.19)

2039 (10) ⊕⊕⊕⊝

moderate k
Overall, the mortality rate was very low
in all studies except MDCCT 1994, inves-
tigating renal allograft as treatment for
end-stage diabetic nephropathy

Costs

Follow up: 1 - 6.5 years

See comment 1441 (2) ⊕⊕⊕⊝

moderate j
Only the DCCT reported on this out-
come; intensive treatment using mul-
tiple injections was calculated to cost
4014 US$/year, intensive treatment us-
ing CSII 5784 US$/year and convention-
al treatment 1666 US$/year taking into
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account resources used for therapy and
handling side-effects; considering the
reduction of future diabetes complica-
tions, intensive therapy was found to be
highly cost-effective

**The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; CSII: continuous subcutaneous insulin infusion; DCCT: 'Diabetes Complications Clinical Trial'; HbA1c: glycosylated haemoglobin A1c; OR: odds ra-
tio; RR: risk ratio

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

The basis for the assumed risk is the number of events in the control groups
aDowngraded by two levels owing to outcome measures either not being addressed as primary endpoints or reported in included studies and few events
bNot downgraded because of few participants due to large eAect size (RR < 0.5)
cDowngraded by one level owing to substantial diversity in outcome measures definition
dDowngraded by two levels owing to few participants and substantial diversity in outcome measures definition
eDowngraded by one level owing to indirectness (surrogate outcome measures)
fDowngraded by three levels owing to few participants, indirectness (surrogate outcome measures) and imprecise results (confidence intervals include null eAect and appreciable
benefit or harm)
gLarge eAect size
hDowngraded by two levels owing to risk of bias in outcome definition and observational nature of subgroup analyses
iDowngraded by three levels owing to imprecision (wide confidence intervals), low number of participants and observational nature of subgroup analyses
jDowngraded by one level because only one study group (DCCT) investigated this outcome in two studies
kDowngraded by one level owing to imprecise results (confidence intervals include null eAect and appreciable benefit or harm)
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B A C K G R O U N D

Description of the condition

Type 1 diabetes can be acquired at any age and accounts
for about 5% to 10% of all diabetes mellitus cases (Daneman
2006). It is a metabolic disease caused by a cellular-mediated
autoimmune destruction of pancreatic β cells which results in
a deficiency of insulin secretion. What causes the pathological
autoimmune response is not yet fully understood but includes
genetic susceptibility in combination with an environmental trigger
(Field 1997; Maahs 2010; van der Werf 2007). The incidence of type
1 diabetes varies geographically, being highest in Northern Europe
where it can be higher than 30 cases per 100,000 per year (Karvonen
1993). Over the years a worldwide increase in incidence has been
observed, the reasons for which are not yet clear (Onkamo 1999;
Pitkaniemi 2004).

To date, no cure has been found and treatment consists of life-
long blood sugar control through insulin replacement. Long-term
complications include neuropathy, nephropathy, retinopathy, and
cardiovascular disease.

Description of the intervention

Since high blood glucose is associated with long-term
complications (Nordwall 2009), many eAorts are made to reduce
blood glucose to as low as possible. DiAerent types of approaches
could be taken when aiming for a low glucose target. For example,
one could change to a diAerent insulin regimen, which might
be more eAective in lowering blood sugar levels than another
regimen, or one could switch to a diAerent type of insulin, which
could potentially be more successful than other types. In general,
all these eAorts should be nested in patient counselling and
education eAorts, which are further factors helping to achieve
good glycaemic control (Aschner 2010). The primary research
question for this review was to assess the eAects of diAerent
blood glucose treatment targets and determine whether very low,
near normoglycaemic values are of additional benefit. To answer
this question, ideally only studies targeting diAerent glycaemic
levels but using identical insulin regimens in the treatment groups
(for example multiple daily injections in both groups) should be
considered. However, in previous studies with   type 1 diabetic
patients, for example in the 'Diabetes Control and Complications
Trial' (DCCT) (DCCT 1993), the term 'intensive' therapy has oBen
implied much more than just a lower glucose treatment target.
In fact, intensive treatment usually refers to a multi-factorial
intervention with an intensified treatment regimen and additional
factors such as patient education, individual counselling and
increased frequency of blood glucose monitoring compared to the
'conventional' treatment. The results of these studies can only be
attributed to a combination of factors rather than the eAects of
diAerent glycaemic targets alone.

Since the results of the DCCT became known, 'intensive insulin
therapy' has become the standard therapy that is recommended
by most clinical guidelines for patients with type 1 diabetes.
In addition, most clinical guideline recommendations (see Table
1) take their evidence from the results (based on the achieved
glycosylated haemoglobin A1c (HbA1c) level) of the DCCT, in which
the HbA1c treatment target of the intervention group was 6.05%.
This target, however, was reached by less than 5% of the patients.
On average, the HbA1c in this group could be reduced by 1.8%

from 9.1% at baseline to a mean level of 7.1% throughout the
randomised follow-up period in the intervention group (DCCT 1993;
DCCT 1995). The results showed a substantial reduction in the
risk of developing microvascular complications during the follow-
up period in the intervention group compared to the control
group. The results regarding macrovascular complications were
less clear. Although the number of macrovascular events was
higher under conventional treatment than intensive treatment,
the overall number of events was small so that the power of
the study might not have been high enough for the eAect to
reach statistical significance (DCCT 1995a). A recently published
meta-analysis (Stettler 2006), which combined the eAects of eight
randomised trials, came to the conclusion that an improvement of
glycaemic control reduces the risk of macrovascular complications.
In addition, in the long-term follow-up observation of the DCCT/
Epidemiology of Diabetes Interventions and Complications (EDIC)
trial a substantial reduction in cardiovascular disease was shown
in the former intensive treatment group compared to the former
conventional treatment group (Nathan 2005), which further
supports the assumption that intensive glucose control not only
reduces microvascular but macrovascular complications as well.

Those studies aiming for the same glucose targets in both groups
(or if no targets were specified) will be excluded from this review
because any eAect must be attributed to the treatment regimen and
cannot have been caused by setting diAerent treatment targets.

It is generally agreed that achieving 'good' glycaemic control with
concurrent avoidance of hypoglycaemic episodes should be the
primary treatment goal for type 1 diabetic patients. It is not yet
completely clear how 'good' glycaemic control should be defined.
Should it be the goal to get as close as possible to the HbA1c level
of a healthy person, or could a higher level be a better target to
achieve optimal long-term outcomes when all the benefits and risks
associated with tight blood glucose control are considered?

Adverse e>ects of the intervention

For patients with type 2 diabetes, a recent study has raised concerns
that aiming for very strict glycaemic targets could potentially
cause more harm than benefit. The ACCORD study (Gerstein 2007;
Gerstein 2008), which had an HbA1c target of less than 6.0% in the
intervention group, had to be discontinued due to an increase in
mortality in this group. This eAect, however, was not found by other
similar trials recently published such as the ADVANCE or the VADT
trial (Abraira 1997; Duckworth 2009). The reason for this increase in
mortality in some studies but not others has not yet been clearly
understood, but it is suggested that patient circumstances such as
age, cardiovascular risk factors, type of antiglycaemic agents and
duration of diabetes could potentially aAect the balance of risks
and benefits of tight blood sugar control. In addition, as shown in
previously published meta-analyses, none of the trials examining
diAerent treatment targets could demonstrate a clear superiority
of lower glucose target levels regarding micro- or macrovascular
complications. Only for non-fatal myocardial infarction, a small
but clinically non-relevant reduction in the intervention group was
observed (Montori 2009; Turnbull 2009; Yudkin 2010).

Whether similar concerns could apply to tight blood sugar control
in individuals with type 1 diabetes is not yet clear. An observational
analysis of the HbA1c values within the intervention group of the
DCCT in relation to the reduction of risk regarding the development
of microvascular complications could not identify a threshold or

Intensive glucose control versus conventional glucose control for type 1 diabetes mellitus (Review)
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turning point over which a higher HbA1c level would be associated
with an increase in risk (DCCT 1995b; DCCT 1996). However, this
analysis has not been performed with regard to macrovascular
outcomes. Furthermore, it is problematic to assign causality to
an observational association between HbA1c and risks. From this
association one can not necessarily conclude that an intervention
that causes a reduction of the HbA1c would show a similar eAect.

Observational studies show that blood sugar control varies widely
among type 1 diabetic patients (Calvert 2009; Mortensen 1997;
Thomsett 1999). While some of this variation can be attributed
to behavioural factors, there are also biological influences that
make control easier for some patients compared to others. For
example, hormonal changes during puberty are thought to be one
factor contributing to the particularly poor control observed in
adolescents (Amiel 1986). The results of the DCCT clearly show that
even in highly motivated selected patients treated under optimal
conditions, close-to-normal HbA1c levels are extremely diAicult to
reach. The HbA1c target in the DCCT intervention group was less
than 6.05%, which is, according to the DCCT-HbA1c standard, close
to the upper end of the range of a non-diabetic person (HbA1c
approximately 4% to 6%). In the EDIC cohort, the observational
continuation of the DCCT, the mean HbA1c increased to 7.8% and
several observational studies on the general population in Europe
show that the percentage of patients with type 1 diabetes who
reach an HbA1c lower than 7.5% is less than 50% (Calvert 2009;
Mortensen 1997; Nordrheinische Gemeinsame Einrichtung 2008).
Considering the diAiculty of achieving recommended treatment
targets, it is even more important to not only look at the benefits
of an intervention aiming at strict metabolic control but to also
carefully consider all possible adverse eAects.

Hypoglycaemic episodes are a relatively common problem in type
1 diabetic patients. The event rates for severe hypoglycaemic
episodes in type 1 diabetic patients reported in various studies
lie between 62 and 320 events per 100 patient-years, whereby a
severe episode is defined as one requiring the assistance of another
person (Desouza 2010). To what extent frequent hypoglycaemia
can have negative long-term eAects is not yet fully understood.
Recent epidemiological studies have suggested a link between
hypoglycaemia and cardiovascular risk (Desouza 2003; Gill 2009).
Other studies have found an association in type 2 diabetic persons
between hypoglycaemia and cognitive dysfunction (Whitmer
2009). Furthermore, physiological counter-regulation mechanisms
triggered by low blood sugar levels can hinder achieving stable
blood glucose control and it has been shown that frequent
hypoglycaemic episodes can lead to hypoglycaemia unawareness
(Cryer 2008; Zoungas 2010).

Several trials have shown that intensive glucose control increases
the risk of hypoglycaemic episodes (DCCT 1993; Shalitin 2008).
In the DCCT, the incidence of severe hypoglycaemia was 68% in
the intervention group compared to 35% in the control group
(DCCT 1993); however, no increase in risk of cardiovascular events
or other clinical outcomes associated with this higher frequency
of hypoglycaemic episodes has been reported. Another reported
adverse eAect of tight blood sugar control is weight gain (Conway
2010). Also in the DCCT, the risk of weight gain was increased
under intensive treatment resulting in 12.7% of overweight cases
compared to 9.3% of cases under conventional treatment (DCCT
1993).

Furthermore, intensive insulin therapy is associated with an
increased insulin dose compared to conventional insulin therapy
(DCCT 1993). In animal studies, exogenous hyperinsulinaemia
resulted in a thickening of arterial walls, raising concerns that
higher insulin use might increase the risk of atherosclerosis.
However, in human studies the eAects of exposure to high levels
of insulin on cardiovascular disease remains controversial (Muis
2005).

Potential eAects of tight blood sugar control on patients’ quality
of life should not be ignored. For many patients achieving close
to normal HbA1c levels might only be possible by adhering to a
strict treatment plan, which might involve major restrictions on
the patient’s lifestyle, for example through adhering to a strict diet,
frequent blood glucose measurements and insulin injections or
the careful documentation of blood measurements, insulin doses
and food intake, which can be very time-consuming (Davidson
2004). Not being able to achieve ambitious treatment targets could
also have an eAect on the emotional well-being of the patient by
creating a feeling of failure or by raising fear about possible future
health complications (Herzer 2010; Ingerski 2010; McGrady 2009).

Why it is important to do this review

Recent studies on people with type 2 diabetes suggest that the
eAects of tight blood glucose control on cardiovascular risk is
more complex than originally assumed and might depend on
a variety of factors such as age, diabetes duration, gender and
cardiovascular risk factors (Desouza 2010). To date it is not clear
whether the situation could be similar in type 1 diabetes. A meta-
analysis from 2006 has found a decrease in long-term clinical
outcomes associated with strict glycaemic control (Stettler 2006).
However, in this analysis little attention was paid to diAerences
regarding age, study duration and diabetes duration. Furthermore,
this meta-analysis analysed the risk of macrovascular disease but
did not consider any other outcomes. It also did not study adverse
eAects of tight blood sugar control, such as hypoglycaemia, weight
gain or a potential burden on the quality of life. In contrast to
our review, Stettler et al (2006) did not focus on the eAects of
diAerent treatment targets. They included all trials that compared
regimens with the aim of improving glycaemic control compared
to conventional treatment. Whether diAerent treatment targets
were set for the intensive and conventional treatment was not an
inclusion criterion.

Since the completion of the DCCT in 1993 intensive insulin therapy
as well as other treatment innovations, such as new insulin
analogues (Siebenhofer 2006), have become widely available to
many type  1 diabetic patients. In addition, there have been
improvements regarding the treatment of co-morbidities such as
hypertension. These factors have a significant impact on the clinical
course of type 1 diabetes so that patients’ prospects today are much
better than what they have been in the past (Nathan 2009). This,
however, also implies that in the future many more type 1 diabetic
patients might reach old age and it will become an important
question whether the treatment goals, which are predominantly
based on relatively young patients, can be applied to an older age
group. An analysis of diAerent age subgroups as part of this meta-
analysis could potentially provide further insight.

The recommended glycaemic target for type 1 diabetic patients
varies between less than or equal to 6.5% and less than 7.5% in
diAerent clinical guidelines (see Table 1). Considering that more
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than 50% of type  1 diabetic patients do not achieve the highest
target of less than 7.5%, as well as evidence from studies on type
2 diabetes that strict glucose control could potentially lead to an
increased mortality risk, the balance of all harms and benefits
related to interventions aimed at lowering glycaemic levels should
be carefully evaluated. To date the risks of strict glycaemic
control in type  1 diabetic patients are not fully understood and
might diAer depending on factors such as duration of diabetes,
age, hypoglycaemic unawareness, baseline HbA1c levels and
cardiovascular risk factors. Therefore, a thorough evaluation of
the potential benefits and harms that depend on these factors is
important.

At the heart of this review lies the question, considering that
with current treatment very few type  1 diabetic patients achieve
glycaemic levels close to those of a healthy person, should the
optimal treatment always consist of aiming for a lower HbA1c; or
could, depending on diAerent patient factors, a higher glycaemic
level be considered optimal when taking into account all harms and
benefits?

O B J E C T I V E S

The primary objective of this review was to assess the eAects of
intensive versus conventional glycaemic targets in patients with
type 1 diabetes in terms of long-term complications and determine
whether very low, near normoglycaemic values are of additional
benefit.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomised controlled clinical trials with a parallel group design
comparing diAerent glycaemic treatment targets in people with
type 1 diabetes that assess any of the outcome measures of interest
for this review and have a follow-up period of at least one year.

Types of participants

Females and males of any age with type 1 diabetes mellitus were
considered. The diagnosis should be based on clearly described
criteria, which should be consistent with worldwide accepted
standards at the time of study initiation (for example ADA 1999; ADA
2010; Alberti 1998).

Types of interventions

All included trials should (prior to patient allocation) have a
predefined more intensive treatment target in the intervention
group in comparison with the control group. Ideally, studies with
the same treatment regimens in both treatment groups were
planned to be included in the review. For studies using diAerent
treatment regimens (for example multiple daily injections versus
conventional therapy), inclusion was accepted if a diAerence in
glycaemic target could be clearly identified. Trials aiming for the
same treatment targets or unspecified treatment targets in the
diAerent groups, although achieving diAerences in glycosylated
haemoglobin A1c (HbA1c) at follow-up, were excluded from this
review. Either HbA1c (or equivalent, such as total glycosylated
haemoglobin) target levels or target levels measured by fasting
blood or plasma glucose or postprandial blood or plasma glucose
had to be presented to fulfil the criteria for inclusion.

Types of outcome measures

Primary outcomes

• Macrovascular complications (nonfatal and fatal myocardial
infarction, stroke).

• Microvascular complications (manifestation and progression
of retinopathy, nephropathy, neuropathy, and endstage renal
disease).

• Severe hypoglycaemic episodes.

Secondary outcomes

• Health-related quality of life.

• Adverse events (e.g. hypoglycaemic episodes, ketoacidosis,
weight gain).

• All-cause mortality.

• Costs.

Timing of outcome measurement

If possible, outcomes were assessed as short-term (less than two
years) and long-term (two years or more) measurements.

Search methods for identification of studies

Electronic searches

We searched the following sources from inception of each database
to the specified date.

• The Cochrane Library (2012, Issue 12).

• MEDLINE (until December 2012).

• EMBASE (until December 2012).

We also searched the following trial registers: ClinicalTrials.gov
(www.clinicaltrials.gov/), Current Controlled Trials metaRegister
(http://www.controlled-trials.com/mrct/), the European (EU)
Clinical Trials register (www.clinicaltrialsregister.eu/) and the World
Health Organization (WHO) International Clinical Trials Registry
Platform (http://apps.who.int/trialsearch/).

For detailed search strategies see Appendix 1. In the case where we
detected new studies for inclusion we would have evaluated these
and incorporated the findings in our review before submission of
the final review draB (Beller 2013).

If additional key words of relevance had been detected during any
of the electronic or other searches, we would have modified the
electronic search strategies to incorporate these terms.

We placed no restrictions on the language of publication when
searching the electronic databases or reviewing reference lists in
identified studies.

Searching other resources

We tried to identify additional studies by searching the reference
lists of included trials and (systematic) reviews, meta-analyses and
health technology assessment reports.

Data collection and analysis

Selection of studies

Two review authors (BFand KH, or MS and KH) independently
scanned the abstract, title or both sections of every record retrieved

Intensive glucose control versus conventional glucose control for type 1 diabetes mellitus (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

9

http://www.clinicaltrials.gov/
http://www.controlled-trials.com/mrct/
http://www.clinicaltrialsregister.eu/
http://apps.who.int/trialsearch/


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

to determine the studies to be assessed further. A third person
(TS) resolved any diAerences in opinion. If resolving disagreement
was not possible, we planned to add the article to those 'awaiting
classification' and we planned to contact the study authors for
clarification. We present a PRISMA (preferred reporting items
for systematic reviews and meta-analyses) flow chart of study
selection (Figure 1) (Liberati 2009).

Studies were selected based on the following criteria.

• The study was a randomised controlled trial.

• The target population was patients with type 1 diabetes.

• The study intervention aimed to achieve an improvement in
glycaemic control.

• DiAerent glycaemic targets were specified for the intervention
and comparator groups.

• Outcome measures of interest to our review were recorded as
part of the study.

All publications identified by the search strategy were first analysed
based on the title and abstract. If the abstract and title did not
provide suAicient information, the full-text article was obtained.
All potentially relevant articles were investigated as full text. Two
review authors (BF and KH, or MS and KH) independently assessed
studies according to the selection criteria. Where diAerences in
opinion existed, they were resolved by a third party (AS). If
resolving disagreement was not possible, the article was added to
those 'awaiting assessment' and we contacted study authors for
clarification.

The selection process was plotted in a flow diagram (Figure 1) in
accordance with the PRISMA statement (Liberati 2009).
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Figure 1.   Study flow diagram.

 
Data extraction and management

For studies that fulfilled the inclusion criteria, two review
authors (BF, MS) independently abstracted relevant population
and intervention characteristics using standard data extraction
templates, with any disagreements resolved by discussion, or, if
required, by a third author (AS) (for details see Characteristics
of included studies; Table 2; Appendix 2; Appendix 3; Appendix

4; Appendix 5; Appendix 6; Appendix 7; Appendix 8; Appendix 9;
Appendix 10; Appendix 11; Appendix 12).

We sent an e-mail request to authors of included studies to enquire
whether they were willing to answer questions regarding their
trials. Appendix 13 shows the results of this survey. ThereaBer, we
sought relevant missing information on the trial from the study
authors of the article, if required.
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Dealing with duplicate publications

When we found several articles related to the same trial, they were
evaluated together to extract the maximum amount of information.
In the case of an unresolvable conflict between two articles, we
contacted the study authors.

Repeated observations

In the case of repeated observations on the same participants, we
used the outcome assessed aBer the longest follow-up period.

Assessment of risk of bias in included studies

Two review authors (BF, MS) assessed each trial independently.
Disagreements were resolved by consensus, or in consultation with
a third party. In cases of disagreement, the rest of the group was
consulted and a judgement was made based on consensus.

We assessed risk of bias using the Cochrane Collaboration’s tool
(Higgins 2011a; Higgins 2011b). We used the following bias criteria:

• random sequence generation (selection bias);

• allocation concealment (selection bias);

• blinding (performance bias and detection bias), separated for
blinding of participants and personnel and blinding of outcome
assessment;

• incomplete outcome data (attrition bias);

• selective reporting (reporting bias);

• other bias.

We judged the risk of bias criteria as 'low risk', 'high risk' or 'unclear
risk' and used individual bias items as described in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011a).
We present a 'Risk of bias' graph (Figure 2) and 'Risk of bias
summary' figure (Figure 3).

 

Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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We assessed the impact of individual bias domains on study results
at endpoint and study levels.

For blinding of participants and personnel (performance bias),
detection bias (blinding of outcome assessors) and attrition bias
(incomplete outcome data) we intended to evaluate risk of bias
separately for subjective and objective outcomes (Hróbjartsson
2013). We considered the implications of missing outcome data
from individual participants.

We defined the following endpoints as subjective outcomes.

• Health-related quality of life.

• Adverse events (e.g. hypoglycaemic episodes, ketoacidosis,
weight gain).

We defined the following outcomes as objective outcomes.

• Macrovascular complications (nonfatal and fatal myocardial
infarction, stroke).

• Microvascular complications (manifestation and progression
of retinopathy, nephropathy, neuropathy, and endstage renal
disease).

• Severe hypoglycaemic episodes (depending on specific
outcome definition).

• All-cause mortality.

• Costs.

The overall quality of evidence for each outcome was assessed
using the GRADE approach (Guyatt 2008; Higgins 2011a) and
summarised in the Summary of findings for the main comparison.

Measures of treatment e>ect

We expressed dichotomous data as odds ratios (ORs) or risk ratios
(RRs) with 95% confidence intervals (CIs). We planned to express
continuous data as mean diAerences (MD) with 95% CIs.

Data analysis was performed with Review Manager 5.2. All assessed
outcomes were binary and were described by relative risks with
95% CI. Primarily, DerSimonian and Laird’s random-eAects model
was used. Sensitivity analyses were performed using ORs and fixed-
eAect models. In the case of rare events the fixed-eAect method of
Peto was used for the main analysis.

Unit of analysis issues

We took into account the level at which randomisation occurred,
such as cross-over trials, cluster-randomised trials and multiple
observations for the same outcome.

Dealing with missing data

We obtained relevant missing data from study authors, if feasible,
and carefully performed evaluation of important numerical data
such as screened, randomised patients as well as intention-to-treat
(ITT), as-treated and per protocol (PP) populations. We investigated
attrition rates, for example dropouts, losses to follow up and
withdrawals, and critically appraised issues of missing data and
imputation methods (for example last observation carried forward
(LOCF)).

Assessment of heterogeneity

In the event of substantial clinical, methodological or statistical
heterogeneity we did not report study results as meta-analytically
pooled eAect estimates. We identified heterogeneity by visual

inspection of the forest plots and by using a standard Chi2 test with
a significance level of α = 0.1, in view of the low power of this test.

We specifically examined heterogeneity employing the I2 statistic,
which quantifies inconsistency across studies to assess the impact
of heterogeneity on the meta-analysis (Higgins 2002; Higgins 2003),

where an I2 statistic of 75% and more indicates a considerable level
of inconsistency (Higgins 2011a).

Had we found heterogeneity we would have attempted to
determine potential reasons for it by examining individual study
and subgroup characteristics.

We expected the following characteristics to introduce clinical
heterogeneity.

• Age.

• Gender.

• Cardiovascular risk factors.

• Hypoglycaemia unawareness.

• Duration of disease.

• Primary versus secondary prevention.

• Duration of follow-up.

Assessment of reporting biases

We planned to use funnel plots to assess small study eAects in the
case where we included 10 or more studies for a given outcome. Due
to several explanations for funnel plot asymmetry, we interpreted
the results carefully (Sterne 2011).

Data synthesis

Unless there was good evidence for homogeneous eAects across
studies, we primarily summarised low risk of bias data by
means of a random-eAects model (Wood 2008). We interpreted
random-eAects meta-analyses with due consideration of the whole
distribution of eAects (Higgins 2009). In addition, we performed
statistical analyses according to the statistical guidelines contained
in the latest version of the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2011a).

Subgroup analysis and investigation of heterogeneity

We carried out subgroup analyses of the primary outcome
parameters (see above) to investigate potential causes of
heterogeneity.

Sensitivity analysis

We planned to perform sensitivity analyses in order to explore the
influence of the following factors (when applicable) on eAect sizes.

• Restricting the analysis to published studies.

• Restricting the analysis by taking into account risk of bias, as
specified in the section Assessment of risk of bias in included
studies.

• Restricting the analysis to very long or large studies to establish
the extent to which they dominated the results.

Intensive glucose control versus conventional glucose control for type 1 diabetes mellitus (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

14



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

• Restricting the analysis to studies using the following filters:
diagnostic criteria, imputation, language of publication, source
of funding (industry versus other), country.

We also tested the robustness of the results by repeating the
analysis using diAerent measures of eAect size (RR, OR etc.)
and diAerent statistical models (fixed-eAect and random-eAects
models).

R E S U L T S

Description of studies

For a detailed description of studies, see the sections
Characteristics of included studies, Characteristics of excluded
studies, and Characteristics of ongoing studies.

Results of the search

The database search and handsearching of reference lists of
reviews and included studies resulted in 2509 records, aBer the
removal of duplicates. A total of 2355 of these records could be
excluded based on the abstracts alone. ABer screening the full
texts of the remaining 154 articles, 12 randomised controlled trials
described in 78 publications fulfilled the inclusion criteria (Figure
1). All of the included articles were published in English.

Searching the registers of ongoing trials did not provide any
additional studies.

The database search for relevant meta-analyses and reviews
provided 493 abstracts, which aBer further screening resulted
in 22 relevant meta-analyses and reviews. Looking through the
references of these reviews provided additional articles that were
relevant to already identified trials but did not result in the
identification of any new trials. The sources found by searching the
secondary literature are included in the additional 13 other sources
in Figure 1.

Except for the DCCT trials, for which the protocol is published
online, we could not retrieve any study protocols, although a
request for a copy of the study protocol was included in all author
requests.

The inter-rater agreement expressed as Cohen’s Kappa was 80% for
the full-text screening.

Inconsistent or missing information

We tried to contact all study authors to request additional
information or clarify inconsistencies we might have found across
or within publications. Apart from one study (Verrillo 1988), contact
information could be found for all studies (for more information
on the status of the author requests see Appendix 13). One study
that was identified in the literature search (Hershey 1999) seemed
to be a substudy of another study included in this review (Wysocki
2003). Unfortunately, we were not able to receive a confirmation
from the authors on this issue. For that reason, we decided not to
include the article as a separate study in this review. For some of
the studies, results on adverse events could be obtained from a
previously published meta-analysis (Egger 1997).

Included studies

A detailed description of the characteristics of the included studies
is presented elsewhere (see sections Characteristics of included

studies and Appendix 2; Appendix 3; Appendix 4; Appendix 5;
Appendix 6; Appendix 7; Appendix 8; Appendix 9; Appendix 10;
Appendix 11; Appendix 12). The following is a succinct overview.

Participants

A total of 2230 patients participated in the 12 included studies.
The patient characteristics varied widely across trials. One study
only included patients newly diagnosed with type 1 diabetes (Linn
1996); six other studies (DCCT1 1993; DCCT2 1993; Oslo 1987; Steno
2 1986; Verrillo 1988; Wysocki 2003) required a minimum disease
duration, ranging from one year to 15 years. Overall, the mean
disease duration across studies ranged from 0 to 22 years. There
was also heterogeneity across studies regarding patient age: one
study was conducted in children only, with a mean age of 12 years.
The mean age at baseline across the other 11 studies was 29 years
with a range of 26 to 42 years in the intervention group, and 28 years
with a range of 26 to 43 years in the control group. Overall, 46%
of the patients in the intervention group and 43% of the patients
in the control group were females. The mean baseline HbA1c was
9.5% (range 8.2% to 12.4%) and 9.3% (range 8.1% to 13.1%) in the
intervention and control groups, respectively. One study did not
provide data on the HbA1c at baseline (MDCCT 1994). Finally, the
patient populations across studies also varied substantially due
to diAerent inclusion criteria. Two studies only included patients
with microalbuminuria at baseline (MCSG 1995; Steno 2 1986). Four
studies were carried out in patients with background retinopathy
(DCCT2 1993; Holman 1983; Steno 1 1983; Verrillo 1988) and one
study only included patients who had received a kidney transplant
(MDCCT 1994).

Interventions

The glycaemic targets varied between trials. Six trials specified
an HbA1c target value while the other trials only defined pre-
or postprandial blood glucose target values. In the intervention
groups, the HbA1c targets varied between < 6.05% to ≤ 7.5%;
preprandial glucose targets ranged from < 5.0 mmol/L (90 mg/
dL) to < 8.3 mmol/L (150 mg/dL); and postprandial targets varied
between < 8.3 mmol/L (150 mg/dL) to < 10 mmol/L (180 mg/dL).
For the control group, blood glucose target values were frequently
not specified (DCCT1 1993; DCCT2 1993; Holman 1983; Linn 1996;
MCSG 1995); instead, the treatment goal was expressed as avoiding
symptoms associated with glucosuria, hyperglycaemia as well as
severe hypoglycaemia. Furthermore, some of the trials set targets
for the amount of glucose in the urine. Only two of the trials had
defined HbA1c targets in the control group: < 14.0% (which at a later
time during the study was changed to < 12.0%) in the MDCCT 1994,
and ≤ 8.0% in Wysocki 2003; three studies (Oslo 1987; Verrillo 1988;
Wysocki 2003) had defined preprandial targets (< 7.0 mmol/L (126
mg/dL) to < 12.0 mmol/L (216 mg/dL); and three studies (Steno 1
1983; Steno 2 1986; Wysocki 2003) had defined postprandial targets
(< 10 mmol/L (180 mg/dL) to < 15 mmol/L (270 mg/dL)).

In all of the studies the intervention and control treatments
diAered by more than just the glycaemic targets. While intervention
patients usually used multiple daily injections (MI) or continuous
subcutaneous insulin infusion (CSII), control patients applied one
to three insulin injections per day, usually using mixed insulin
preparations. In two studies, patients in the intervention group
were only using insulin pumps (Steno 1 1983; Steno 2 1986); four
studies only used insulin injections (Bucharest-Düsseldorf 1984;
Holman 1983; Linn 1996; Verrillo 1988); the Oslo 1987 study had two
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treatment arms, one for patients using CSII and one for patients
using MI; and the remaining studies allowed patients to choose
the type of insulin therapy (DCCT1 1993; DCCT2 1993; MCSG 1995;
MDCCT 1994; Wysocki 2003).

Furthermore, frequent self-monitoring of blood glucose was part
of all intervention groups, while it was less encouraged or even
absent in the control groups. Since intensified insulin therapy also
requires more education and support, the frequency of contact
with nurses or doctors of patients in the intervention groups was
higher compared to patients in the control groups. In some studies,
patients in the control group were not supposed to adjust their
insulin dose themselves and had to adhere to a strict diet. For more
information on the interventions see Appendix 2.

Excluded studies

Overall, 37 studies (76 articles) were excluded for reasons such as
not being a randomised trial, no specified glucose targets as part of
the intervention, trial duration being shorter than one year, having
no separate analysis of patients with type 1 diabetes or having
no relevant outcomes. For further details, see Characteristics of
excluded studies.

Risk of bias in included studies

For details on the risk of bias of included studies see Characteristics
of included studies.

For an overview of review authors' judgements about each risk of
bias item for individual studies and across all studies see Figure 2
and Figure 3.

We investigated performance bias, detection bias and attrition bias
separately for objective and subjective outcome measures.

Allocation

The generation of the random sequence for allocation was
considered adequate in four studies (DCCT1 1993; DCCT2 1993; Linn
1996; Oslo 1987). For the Bucharest-Düsseldorf 1984 study the risk
of selection bias was considered high since a group randomisation
procedure was used, that is blocks of 100 patients were randomised
to one of three treatment arms. We considered excluding the
study because of this lack of randomisation but because of the
large number of participants we decided to cautiously include
it. However, for all meta-analyses that included the Bucharest-
Düsseldorf 1984 study we carried out a sensitivity analysis for which
the study was excluded. For the remaining eight studies, it was
mentioned that patients were randomly assigned to a treatment
group but the description was not detailed enough to allow a
judgement on whether the sequence was generated adequately.

Allocation concealment was considered appropriate in three
studies (DCCT1 1993; DCCT2 1993; MCSG 1995). In all other studies
not enough information was provided to allow a judgement.

Blinding

Due to the nature of the intervention, patients or study personnel
were not blinded in any of the trials. Therefore, for subjective
outcomes all studies were judged to have a high risk of performance
bias. For objective outcomes, however, we considered the risk of
detection bias as low if the outcome assessment occurred in a
blinded manner; this was the case in six of the studies (DCCT1 1993;

DCCT2 1993; Holman 1983; Oslo 1987; Steno 1 1983; Verrillo 1988).
For the six remaining studies blinding of outcome assessment was
insuAiciently described.

Incomplete outcome data

The risk of bias due to incomplete outcome data was considered
low in three studies (DCCT1 1993; DCCT2 1993; Steno 2 1986). Four
studies were judged to have a high risk of bias because the amount
of missing data was large or not appropriately handled, or both
(Linn 1996; MDCCT 1994; Oslo 1987; Verrillo 1988). For the remaining
five studies the risk of bias was unclear.

Selective reporting

Reporting bias was diAicult to evaluate since the study protocol was
only available for the DCCT. For all studies we had the impression
that some data were available that were not fully reported on, but
oBen that was likely to have been done for the sake of keeping
manuscripts short and not necessarily to selectively not report on
insignificant results. Therefore, the risk of bias due to selective
reporting was judged unclear for all studies apart from the low risk
of bias for the DCCT1 1993 and DCCT2 1993 for which the study
protocol was available.

Other potential sources of bias

One study was judged as having a high risk of bias in this category
(Wysocki 2003) for two reasons: first, all publications on this study
seemed to be partial reports of a larger study, the objectives of
which were never clearly described; second, there was a large
baseline diAerence regarding gender. For seven studies, other
potential risks of bias were considered unclear either due to
some inconsistencies in the reporting of results across or within
publications or because the reporting was too sparse to allow a
judgement. Four studies were judged as having a low risk of bias
in this category (Bucharest-Düsseldorf 1984; DCCT1 1993; DCCT2
1993; Holman 1983).

Overall risk of bias

We considered the overall risk of bias of a study to be high if
it obtained a ‘high risk’ rating in at least two of the categories
(selection, performance, detection, attrition, selective reporting
or other bias). According to this definition, six of the 12 studies
(Bucharest-Düsseldorf 1984; Linn 1996; MDCCT 1994; Oslo 1987;
Verrillo 1988; Wysocki 2003) were considered to have a high risk of
bias.

Publication bias

For all analysed outcomes, we planned to explore the risk of
publication bias by inspection of funnel plots. For most outcomes,
however, the number of included studies was too low to obtain
useful information from these plots. For the outcome including
more studies (severe hypoglycaemia), the funnel plot looked
inconspicuous.

E>ects of interventions

See: Summary of findings for the main comparison Intensive
glucose control versus conventional glucose control for type 1
diabetes mellitus

The following outcomes reflect the results of comparing intensive
glucose control versus conventional glucose control.
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Primary outcomes

Macrovascular complications

Macrovascular outcomes were not considered as primary outcomes
in any of the included studies. Most studies did not report these
outcomes and in those that did, events were rare. Only the DCCT
reported on strokes, and no strokes were recorded in either
of the cohorts (primary prevention and secondary intervention)
during the whole follow-up period. For two other studies, the
reporting on mortality allowed us to conclude that no fatal strokes
had occurred (Bucharest-Düsseldorf 1984; Holman 1983). Also,
myocardial infarctions were very rare. The DCCT reported four
definite nonfatal myocardial infarctions in the intensive treatment
group (primary prevention and secondary intervention combined)
compared to no events in the control group. In addition, there
was one fatal major cardiovascular event in each treatment arm.
Holman 1983 reported one fatal myocardial infarction in the control
group compared to no events in the treatment group. From the
reporting on mortality in the Bucharest-Düsseldorf 1984 study,
it was evident that no fatal myocardial infarctions had occurred
during follow-up.

Microvascular complications

Retinopathy

Overall, nine of the 12 studies reported some results on retinopathy
(DCCT1 1993; DCCT2 1993; Holman 1983; Linn 1996; MCSG 1995;
Oslo 1987; Steno 1 1983; Steno 2 1986; Verrillo 1988). Two of the
studies, in which all patients were free of retinopathy at baseline,
reported on the manifestation of retinopathy (DCCT1 1993; Linn
1996), and four studies included only patients with baseline
retinopathy and therefore presented results on the progression
of retinopathy (DCCT2 1993; Holman 1983; Steno 1 1983; Verrillo
1988). The other three studies were likely to have included patients
with and without retinopathy at baseline and they did not provide
separate results according to baseline retinopathy status (MCSG
1995; Oslo 1987; Steno 2 1986). Furthermore, the MCSG 1995 only
reported that the changes in retinopathy were similar for the two
treatment groups, and for the Steno 2 1986 study the only result
presented was the number of patients requiring laser treatment.
The results of these two studies were not considered in any meta-
analyses.

A meta-analysis of all trials providing information on retinopathy
as a binary outcome (DCCT1 1993; DCCT2 1993; Holman 1983; Linn
1996; Oslo 1987; Steno 1 1983; Verrillo 1988), irrespective of primary
or secondary prevention, follow-up duration or the exact outcome

definition, resulted in a substantial amount of heterogeneity (I2 =
79%, P < 0.0001) (Analysis 1.1). All further analyses were carried
out separately for primary prevention (that is manifestation of
retinopathy) and secondary intervention (that is progression of
retinopathy) as defined in the protocol for this review.

Manifestation of retinopathy

Manifestation of retinopathy was the primary endpoint in the
primary prevention cohort of the DCCT (DCCT1 1993). The results
showed a statistically significant eAect favouring intensive blood
glucose control (relative risk based on proportional hazards model:
0.24 (95% CI 0.15 to 0.38)) (DCCT 1993). This eAect remained
significant even if other definitions of the outcome were used (DCCT
1995c). For the meta-analysis, we used the risk ratio (RR) calculated
from the number of patients who developed retinopathy during

follow-up instead of the results obtained from the proportional
hazards analysis reported in the publications (RR 0.27( 95% CI 0.18

to 0.42); P < 0.00001; I2 = 0%; 768 participants; 2 trials; Analysis 1.2).
The study by Linn 1996 added little additional information to the
result of the DCCT. The study was small and retinopathy was not the
primary outcome of the study. No patient in the intervention group
(n = 22) and one patient in the control group (n = 19) developed
retinopathy during five years of follow-up. Both included studies
had an overall low risk of bias for this outcome.

Due to the low number of studies, we did not carry out any of
the planned subgroup or sensitivity analyses. However, subgroup
analyses previously published on the data of the DCCT showed
a stronger risk reduction in patients with a disease duration of
less than 2.5 years (DCCT 1995c). Other analyses showed a similar
eAects for diAerent subgroups according to age (adolescents and
adults), gender and baseline HbA1c (DCCT 1994; DCCT 1995c).

Progression of retinopathy

The four trials that studied the progression of retinopathy in
patients with baseline retinopathy included a total number of 860
patients with 263 patients showing a deterioration of retinopathy
during study follow-up.

The Steno 1 1983 study had originally been planned for one year
but was then extended for another year. We initially included the
study results aBer one year in our analysis. However, in the analysis
aBer two years of follow-up, which excluded the data of one patient
who decided to switch treatment group aBer the first year, the eAect
of the intervention was the opposite of what is was aBer one year
of follow-up. For that reason we also repeated the meta-analysis
including the results of the Steno study aBer two years. The result
of the first analysis showed no statistically significant diAerences
between intervention groups (RR 1.10 (95% CI 0.54 to 2.24); P = 0.79;

I2 = 78%; 860 participants; 4 trials; Analysis 1.3). The second analysis
including the results of the Steno 1 1983 study aBer two years
demonstrated a statistically significant eAect in favour of intensive

glucose control (RR 0.68 (95% CI 0.47 to 0.99); P = 0.04; I2 = 37%;
859 participants; 4 trials; Analysis 1.4). All included studies had an
overall low risk of bias for this outcome.

An additional analysis stratifying the trials according to duration of
follow-up (≥ 2 years versus < 2 years), including the Steno 1 1983
study as originally planned (with one year of follow-up), eliminated
statistical heterogeneity and showed a reduced risk of retinopathy
progression in the intensive treatment group for longer follow-up

periods (RR 0.61 (95% CI 0.49 to 0.76); P < 0.0001; I2 = 0%; 764
participants; 2 trials; Analysis 1.5.1) but an increased risk for studies
with a short follow-up period (RR 2.32 (95% CI 1.16 to 4.63); P = 0.02;

I2 = 0%; 96 participants; 2 trials; Analysis 1.5.2). This deterioration
of retinopathy in the first year aBer beginning intensive therapy has
also been reported in both cohorts of the DCCT (DCCT 1995) and the
Oslo 1987 study (Dahl-Jorgensen 1985).

Apart from follow-up duration, heterogeneity could have been
introduced by various other diAerences between trials: all trials
were set in diAerent countries and there were baseline diAerences
regarding age, disease duration, and HbA1c. Furthermore, the
definition of progression of retinopathy was diAerent for each trial.
The DCCT used the Early Treatment of Diabetic Retinopathy Study
(ETDRS) scale (25 steps) and defined progression of retinopathy as
a change of at least three steps from baseline sustained for at least

Intensive glucose control versus conventional glucose control for type 1 diabetes mellitus (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

17



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

six months. In the study by Holman 1983, retinopathy was primarily
measured on a continuous scale using a study-specific retinopathy
index. Additionally, the number of patients who had formed new
vessels was reported, which was used in this meta-analysis as a
dichotomous outcome for retinopathy progression. In the Steno 1
1983 study, fundus photographs and fluorescein angiograms were
evaluated as to whether they showed a deterioration compared
to baseline measurements. The results were presented separately
for the fundus photographs and fluorescein angiograms; in our
meta-analysis the results of the fluorescein angiograms were used
but the results based on fundus photographs were very similar.
It was not clear, however, whether the patients that showed a
deterioration in the fundus photographs were the same patients
that showed a deterioration in the fluorescein angiograms. For
the reporting of results aBer two years of follow-up, fundus
photographs and fluorescein angiograms were assessed on six-
and four-rank scales and then combined in a retinal morphology
index, for which the number of patients showing a deterioration
was presented. In Verrillo 1988, retinopathy was evaluated on a five-
grade scale based on fundus photographs, fluorescein angiograms
and ophthalmoscopy.

Due to the low number of studies, an exploration of the eAects
of these diAerences in trial characteristics and baseline variables
was not possible. Furthermore, we did not carry out any subgroup
analyses since, apart from the secondary prevention group of the
DCCT (DCCT2 1993), no data on patient subgroups were available.
Subgroup analyses on the DCCT2 1993 have been published and
show similar results in patient groups diAering by age (adolescents
and adults), gender, or baseline HbA1c (DCCT 1994; DCCT 1995).

Sensitivity analyses using a fixed-eAect model instead of a random-
eAects model, or odds ratios instead of risk ratios, led to similar
results (Analysis 1.6; Analysis 1.7).

Nephropathy

Results on nephropathy were reported in nine of the 12 trials
(DCCT1 1993; DCCT2 1993; Holman 1983; Linn 1996; MCSG 1995;
MDCCT 1994; Oslo 1987; Steno 1 1983; Steno 2 1986). For three
of the studies, nephropathy was the primary outcome of the trial
(MCSG 1995, MDCCT 1994, Steno 2 1986). The MDCCT 1994 followed
a special sample of patients having received a kidney transplant
and used renal biopsy samples to investigate the development of
nephropathy in the newly implanted kidney. The primary outcome
was the renal glomerular mesangial expansion, assessed from the
biopsy samples with electron microscopy. Mesangial expansion has
been shown to be a glomerular lesion that is highly correlated
with the manifestation of diabetic nephropathy (Mauer 1984;
Osterby 1988). The results showed a more than two-fold mesangial
expansion in the conventional treatment group compared to the
patients under intensive glucose control. Since this study was very
diAerent in terms of patient population and the outcome measure,
which was only presented on a continuous scale, we did not try
to combine these results with those of other studies in a meta-
analysis. The other two studies, which focused on nephropathy
as a primary outcome, observed the development of clinical
albuminuria in patients with microalbuminuria at baseline.

As specified in the protocol, we carried out separate analyses
for the outcomes manifestation of nephropathy and progression
of nephropathy. A meta-analysis by Wang 1993 reported results
on nephropathy within the Steno 1 1983 study. However, the

cited publication could not be obtained and we have not yet
received a response from the study authors. Furthermore, we
would assume that the results were not separated according to
the manifestation and progression of nephropathy. The results of
Steno 1 1983 were therefore not included in this analysis. Also,
Holman 1983 reported on renal function at baseline and follow-
up. Presented measures were the mean plasma creatinine levels
and creatinine clearance. The results showed significantly higher
plasma creatinine levels and a stronger deterioration in creatinine
clearance (plasma creatinine: 91.0 (SD 17.8) versus 103.8 (SD 19.7)
µmol/L; creatinine clearance: 99.1 (SD 29.6) versus 82.9 (SD 26.0)
ml/min) in the conventional treatment group compared to the
intensive group aBer two years of follow-up. However, also in this
study, no distinction was made between patients who already
showed signs of nephropathy at baseline and those who did not.
Furthermore, urinary albumin excretion was not reported, which
made the results diAicult to compare to the other studies. For these
reasons, Holman 1983 was not included in any of the meta-analyses
presented below.

Manifestation of nephropathy

Apart from the MDCCT 1994, which studied the manifestation of
nephropathy in transplanted kidneys, four other studies reported
on this outcome. The study by Linn 1996 only included newly
diagnosed patients and reported on nephropathy as a secondary
outcome; by the end of the five-year follow-up the urinary albumin
excretion rate was higher in the conventional treatment group than
in the intensive treatment group (19.4 (SD 10) versus 11.2 (SD 10)
mg/24 h, P < 0.05). It was not reported whether any of the patients
in the two groups had developed microalbuminuria. For both
DCCT cohorts (DCCT1 1993; DCCT2 1993), the publications included
results on the subgroup of patients without microalbuminuria
at baseline who developed microalbuminuria during follow-up.
Similar results could be extracted from the Oslo 1987 study since
mean urinary albumin excretion rates at baseline and during
follow-up were presented for individual patients. We excluded
all patients who had a urinary albumin excretion rate above 30
mg/24h at baseline and defined manifestation of nephropathy
as an increment in mean urinary albumin excretion to above 30
mg/24h, which was shown by one patient under conventional and
one patient under intensive treatment (MI and CSII combined).
The meta-analysis showed a statistically significant eAect in favour
of the intensive treatment group (RR 0.56 (95% CI 0.46 to 0.68);

P < 0.00001; I2 = 0%; 1475 participants; 3 trials; Analysis 1.8). All
included studies had an overall low risk of bias for this outcome.

Using a diAerent outcome definition for the Oslo 1987 study, in
which we counted all patients who showed any increment in
mean urinary albumin excretion from baseline to end of follow-up,
resulted in the same eAect (Analysis 1.9).

Sensitivity analyses were carried out using odds ratios instead of
risk ratios and applying a fixed-eAect model instead of a random-
eAects model. Similar results were obtained in all analyses (Analysis
1.10; Analysis 1.11).

Subgroup data were only available for the DCCT, for which analyses
have already been published: subgroups defined by various
baseline characteristics such as age, HbA1c level or diabetes
duration showed similarly beneficial eAects of intensive therapy
over conventional treatment (DCCT 1995d). The subgroup analysis
by gender showed a significantly weaker eAect for women than
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for men. However, this gender diAerence disappeared if women
were excluded aBer the onset of pregnancy or if a stricter outcome
definition requiring two consecutive annual measurements of
microalbuminuria was used.

Progression of nephropathy

Analysis 1.12 shows the results of a meta-analysis on the three
studies that reported on the progression from microalbuminuria to
clinical albuminuria (DCCT2 1993; MCSG 1995; Steno 2 1986). In the
DCCT2 1993, the analysis applied only to a subset of 72 patients
who had microalbuminuria at baseline. The combined RR was 0.79

(95% CI 0.37 to 1.70; P = 0.55; I2 = 19%; 179 participants), finding
no statistically significant reduction in the risk of nephropathy
progression in patients with microalbuminuria. Thirty-three of the
179 participants (18%) developed clinical albuminuria. All included
studies had an overall low risk of bias for this outcome.

Data for subgroup analyses were not available. Sensitivity analyses
using odds ratios instead of risk ratios and applying a fixed-eAect
model instead of a random-eAects model led to similar results
(Analysis 1.13; Analysis 1.14). Other sensitivity analyses that were
originally planned in the protocol (see Methods) were not carried
out due to the low number of studies included.

Endstage renal disease

Results on endstage renal disease were only mentioned in one
of the studies (MCSG 1995), most likely because in the patient
populations studied none or only very few of the patients reached
this outcome within the follow-up period. The MCSG 1995 reported
one case of renal failure in the intensive treatment group.

Neuropathy

Data on neuropathy were reported in six of the included studies
(DCCT1 1993; DCCT2 1993; Holman 1983; Linn 1996; Oslo 1987;
Steno 1 1983). Both the Oslo 1987 study and Holman 1983, did
not provide any definitions for the manifestation or progression
of neuropathy. They only provided continuous measurements
of nerve conduction velocity (Oslo 1987) or vibration sensory
thresholds (Holman 1983) at baseline and aBer follow-up. Holman
1983 found that the vibration sensory threshold improved in the
intensive treatment group but deteriorated under conventional
treatment. Results for neuropathy in the Oslo 1987 study were
published aBer two years of follow-up and showed that the
motor nerve conduction had improved under intensive treatment
but deteriorated in the conventional treatment group. Significant
group diAerences were only observed between the conventional
treatment group and the intensive group receiving CSII, but not
in the MI group. In the Steno 1 1983 study, peripheral and
autonomic neuropathy were assessed by vibration sense and beat-
to-beat variations during five consecutive deep inspirations. Even
though these outcomes were measured at baseline no results
were reported for the originally planned one-year follow-up. Only
results for two years of follow-up have been published, showing
no statistically significant diAerences between the two treatment
groups on either type of neuropathy.

Manifestation of neuropathy

Data on the manifestation of neuropathy were available in three
studies (DCCT1 1993; DCCT2 1993; Linn 1996). In the DCCT (DCCT1
1993 and DCCT2 1993), confirmed clinical neuropathy was defined
as an abnormal neurologic examination combined with either

abnormal nerve conduction in at least two peripheral nerves or
abnormal autonomic nerve testing. Results were presented for the
subgroups of patients who showed no neuropathy at baseline,
which applied to 25 patients in the primary prevention cohort
(DCCT1 1993) and 67 patients in the secondary intervention cohort
(DCCT2 1993). Since the neurologic examination was only done
at baseline and aBer five years, only 76% of the full study cohort
could be taken into account for this analysis and the results were
reported aBer five years of follow-up for all patients. In the study
by Linn 1996, neuropathy was diagnosed if at least three of the
following were positive according to the San Antonio consensus
statement: clinical symptoms, signs, quantitative sensory testing,
and peroneal motor nerve conduction velocity.

Overall, 115 patients out of 1203 patients developed neuropathy
during a follow-up period of five years. The risk of developing
neuropathy under intensive glucose control was statistically
significantly lower compared to conventional treatment (RR 0.35

(95% CI 0.23 to 0.53); P < 0.00001; I2 = 0%; 1203 participants; 3 trials;
Analysis 1.15). All included studies had an overall low risk of bias for
this outcome.

Similar results were obtained when using odds ratios instead of risk
ratios, or a fixed-eAect model instead of a random-eAects model
(Analysis 1.16; Analysis 1.17).

Progression of neuropathy

None of the studies provided detailed analyses on the progression
of neuropathy. In the DCCT, five-year results were available for 84 of
the 92 patients with baseline confirmed clinical neuropathy, only 41
of these received the same diagnosis aBer five years. To what extent
neuropathy was reversible or had progressed was not investigated
due to the low number of patients.

Severe hypoglycaemic episodes

Results on severe hypoglycaemic episodes were available for all
of the included studies. However, there was substantial variation
regarding the definition of severe hypoglycaemia across studies:
in three studies severe hypoglycaemia was defined as an episode
requiring hospital admission (Holman 1983; Steno 1 1983; Verrillo
1988), whereas in other studies the need for medical intervention
(Steno 2 1986) or assistance from another person was suAicient
for a hypoglycaemic episode to be categorized as severe (DCCT1
1993; DCCT2 1993; MCSG 1995; MDCCT 1994; Wysocki 2003). In two
studies a severe hypoglycaemic episode was defined by the loss of
consciousness (Bucharest-Düsseldorf 1984; Oslo 1987), and in Linn
1996 severe hypoglycaemia was reported but not defined.

In all studies severe hypoglycaemia was either reported as the
number of patients with at least one episode or as a rate. All but one
study (MDCCT 1994) reported the number of patients with at least
one episode. The MDCCT 1994 reported a much higher incidence
of severe hypoglycaemic events in the intensive treatment group
compared to the control group (1.7 episodes per patient-year
versus < 0.1 episodes per patient-year). It was also reported that
there were 26 hospital visits due to severe hypoglycaemia in the
intervention group and three visits in the control group. Even
though the number of patient-years in the two groups that was used
for the calculation of the incidence rates was not given, it is diAicult
to understand how such a low rate in the control group could be
achieved.
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In the remaining 11 studies, 834 out of 2108 patients experienced at
least one severe hypoglycaemic episode during follow-up. A meta-
analysis of these studies provided a RR of 1.50 (95% CI 1.17 to

1.91; P = 0.001; I2 = 52%; 2108 participants; 11 trials; Analysis 1.18
). Analysis 1.19 and Analysis 1.20 show the combined results of
only those studies that had defined severe hypoglycaemia as an
episode requiring the assistance of another person (RR 1.64 (95%

CI 1.27 to 2.12); P = 0.0002; I2 = 71%; 1653 participants; 4 trials)
or those studies that used a definition that required either coma

or hospital admission (RR 1.67 (95% CI 1.09 to 2.55); P = 0.02; I2

= 63%; 1818 participants; 7 trials). However, heterogeneity was
substantial in both analyses so that the pooled eAect measures
of these analyses should be interpreted with caution. The DCCT
was included in both analyses since results on both outcomes

were provided. Irrespective of the outcome definition, the analysis
showed a higher risk of severe hypoglycaemia in the intensive
treatment group.

Results were dominated by the DCCT cohort. Leaving out the DCCT
resulted in no statistically significant diAerence between the two
treatment groups (Analysis 1.21).

We also checked whether the eAect of intensive treatment on
severe hypoglycaemia could be influenced by the baseline HbA1c
level. Figure 4 shows that the HbA1c at baseline was correlated
with the rate of severe hypoglycaemia across studies, which varied
between 0 and 66 episodes per patient-year and between 0 and
50 episodes per patient-year in the treatment and control groups,
respectively.

 

Figure 4.   Relationship between baseline HbA1c and risk of severe hypoglycaemia.

 
A meta-analysis stratified the studies according to whether the
studies demonstrated a baseline HbA1c equal to or greater than
9.0% or below 9.0%. It showed an increased risk for the intensive
treatment groups in studies with participants starting at lower

HbA1c values (RR 1.68 (95% CI 1.29 to 2.19); P = 0.001; I2 = 78%; 1583
participants; 3 trials; Analysis 1.22.1), but no statistically significant
eAect for studies that had a high baseline HbA1c (RR 1.04 (95% CI

0.66 to 1.64); P = 0.86; I2 = 0%; 525 participants; 8 trials; Analysis
1.22.2). Re-analysis with the studies showing an overall low risk
of bias for this outcome did not substantially change the eAect
estimates.

However, since it was basically the two DCCT cohorts (both studies
with an overall low risk of bias) that contributed to the eAect
for low baseline HbA1c levels, it was diAicult to establish based
on these data whether it was really the baseline HbA1c that was
responsible for this diAerence or whether it was due to other
characteristics of the DCCT. The high amount of heterogeneity in the

subgroup analysis of studies with an HbA1c < 9.0% was due to the
diAerent eAect sizes in DCCT1 1993 and DCCT2 1993; both studies
showed a significantly increased risk of severe hypoglycaemia
under intensive treatment compared to conventional treatment
but the eAect was stronger in the primary prevention cohort (DCCT1
1993).

Since the Bucharest-Düsseldorf 1984 study did not use an
appropriate randomisation procedure, we evaluated all analyses
without this study. This did not have any impact on the
interpretation of the overall analysis (Analysis 1.23), the analysis
without the DCCT cohort (Analysis 1.24) or the analysis stratified
by baseline HbA1c (Analysis 1.25). In the subgroup analysis of
only the studies that provided data on hypoglycaemic episodes
associated with coma or hospital admission, removal of the study
pushed the confidence interval over the significance boundary so
that the eAect appeared to be marginally non-significant without
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the Bucharest-Düsseldorf 1984 study (RR 1.58 (95% CI 0.98 to 2.56);

P = 0.06; I2 = 68%; 1628 participants; 6 trials; Analysis 1.26).

Repeating the stratified analysis using a fixed-eAect model instead
of a random-eAects model, or using odds ratios instead of risk ratios
gave comparable results (Analysis 1.27; Analysis 1.28).

Secondary outcomes

Health-related quality of life

Only the DCCT reported on health-related quality of life. Several
measures related to health-related quality of life were assessed
(Diabetes-Quality of Life Measure (DQHL), Symptom-Checklist-90R,
Medical Outcome Study 36-Item Short Form (SF-36)) but none of the
evaluations showed a statistically significant diAerence between
the intervention and comparator groups.

Adverse events

Overall hypoglycaemia

Several studies only reported on severe hypoglycaemia, but eight
of the 12 studies also attempted to assess milder forms of
hypoglycaemia (DCCT1 1993; DCCT2 1993; Linn 1996; MDCCT 1994;
Oslo 1987; Steno 1 1983; Steno 2 1986; Verrillo 1988). In Steno
1 1983 and Steno 2 1986, overall hypoglycaemia was measured
as the percentage of blood glucose readings below 2.5 mmol/L
(45 mg/dL) during a few test nights in hospital. In both studies,
patients under intensive treatment showed a higher percentage
of low blood glucose measurements but the diAerences were not
statistically significant. In Linn 1996, the blood glucose readings
on patients’ blood glucose meters were analysed to assess the
frequency of blood measurements below 3.5 mmol/L (63 mg/dL).
The intensive treatment group showed a statistically significant
higher percentage of low blood glucose values compared to
patients in the conventional treatment arm. In the Oslo 1987
study patients’ blood measurement records were analysed to
compare the frequency of values below 2.5 mmol/L. Furthermore,
patients recorded any subjectively experienced hypoglycaemic
episode and were asked to report them at every hospital visit.
While the frequency of reported symptomatic hypoglycaemia was
similar in all of the three study arms, patients using CSII showed
a statistically significant higher percentage of blood glucose
measurements below 2.5 mmol/L compared to the intervention
arm using MI as well as the conventional treatment arm. In
the DCCT, patients reported on any hypoglycaemic events at
quarterly visits (severe episodes were reported immediately) and
symptoms associated with these episodes were recorded. As for
severe hypoglycaemic episodes, symptomatic hypoglycaemia was
statistically significantly more frequent under intensive than under
conventional treatment. Verrillo 1988 reported no statistically
significant diAerences regarding mild, self-treated hypoglycaemic
episodes between the two treatment arms, while in the MDCCT
1994 intensively treated patients showed a statistically significant
higher frequency of moderate hypoglycaemic episodes, which
were defined as episodes associated with severe symptoms but
preserved capability for self-treatment.

Ketoacidosis

Nine studies provided data on the number of patients who
experienced at least one ketoacidotic episode during follow-up
(Bucharest-Düsseldorf 1984; DCCT1 1993; DCCT2 1993; Holman

1983; MCSG 1995; Oslo 1987; Steno 1 1983; Steno 2 1986; Verrillo
1988).

Most of the studies showed a tendency favouring the control
treatment, however the overall eAect using Peto’s odds ratios did
not reach statistical significance (OR 1.33 (95% CI 0.95 to 1.86); P =

0.10; I2 = 0%; 1924 participants; 9 trials; Analysis 1.29).

In an analysis separating studies according to the type of insulin
therapy used in the intervention group (insulin pump, insulin
injections or both) we found a statistically significantly higher risk
of ketoacidosis in those studies using insulin pumps (CSII arm of
Oslo 1987 study; Steno 1 1983; Steno 2 1986) (OR 4.93 (95% CI 1.18

to 20.60); P = 0.03; I2 = 0%; 96 participants; 3 trials; Analysis 1.30).
All three studies had an overall low risk of bias for this outcome.

We found no statistically significant diAerence for those studies
using insulin injections (Bucharest-Düsseldorf 1984; Holman 1983,
MI arm of Oslo 1987; Verrillo 1988) (OR 0.62 (95% CI 0.11 to 3.67);
P =0.60; 332 participants; 3 trials; Analysis 1.31) and no statistically

significant diAerence (OR 1.28 (95% CI 0.90 to 1.82); P = 0.17; I2

= 0%; 135 participants; 3 trials; Analysis 1.32) in the studies that
allowed patients to choose the type of insulin therapy (DCCT1 1993;
DCCT2 1993; MCSG 1995). The Oslo 1987 study originally had two
intervention arms, one using multiple injections (MI) and one using
CSII. Therefore, the study was included in Analysis 1.30 and Analysis
1.31 using the data of the relevant treatment arm.

We carried out a sensitivity analysis calculating the odds ratio using
the Mantel-Haenszel odds ratio with a ‘treatment arm’ continuity
correction and the method of Liu 2012. The odds ratio for the meta-
analysis including all studies was similar to Peto’s OR (OR 1.29 (95%
CI 0.93 to 1.78) and 1.28 (95% CI 0.92 to 1.79)).

Weight gain

Four studies provided results on weight gain under intensive or
conventional glucose control (Bucharest-Düsseldorf 1984; DCCT
(DCCT1 1993 and DCCT2 1993 combined); Linn 1996; Oslo 1987).
All of the studies showed at least a tendency for a higher weight
gain in the intensive treatment group compared to the control
group. In the DCCT (primary prevention and secondary intervention
combined), for patients in the intensive treatment group the risk
of becoming overweight was statistically significantly increased
compared to the control treatment group (RR 1.73 (95% CI 1.43 to
2.09)). Statistically significant diAerences between treatment and
control were also found regarding the BMI or body weight at the
end of follow-up in the Bucharest-Düsseldorf 1984 and the Oslo
1987 studies. In the Oslo 1987 study, only patients undergoing
intensive therapy using MIs showed this eAect while patients on
pump therapy did not exhibit higher body weights compared to the
control group. Linn 1996 observed a trend towards more weight
gain in the intervention group but the eAect did not reach statistical
significance.

All-cause mortality

In 10 of the included studies mortality was either directly reported
or could be deduced from the information provided. Two studies
were not included in the analysis (Linn 1996; Wysocki 2003) because
the information provided by the study authors was insuAicient.
Since these two studies included children and adult patients newly
diagnosed with type 1 diabetes it was likely that the number of
deaths was zero and therefore not reported.
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Overall, the mortality rate was very low in all studies but the MDCCT
1994 in which 13% and 17% of the patients died in the intensive
and conventional treatment groups, respectively, during follow-up.
There were 15 deaths in 1020 patients under intensive treatment
and 14 deaths in 1019 patients under conventional treatment.
A meta-analysis using Peto’s odds ratio showed no diAerence
between the two treatment arms (OR 1.02 (95% CI 0.48 to 2.19);

P = 0.95; I2 = 0%; 2039 participants; 10 trials; Analysis 1.33). Since
Peto’s odds ratio can be biased in situations with event rates higher
than 1% and with imbalanced intervention and control groups
(Diamond 2007; Sweeting 2004) we carried out a sensitivity analysis
using two other methods: a fixed-eAect model Mantel-Haenszel
odds ratio using a ‘treatment arm’ continuity correction for zero
cells as described in Sweeting 2004, and a recently published
method which allows the inclusion of zero cells without continuity
correction (Liu 2012). The results obtained with these methods (OR
1.02 (95% CI 0.49 to 2.16); OR 1.05 (95% CI 0.46 to 2.45)) were similar
to the Peto’s odds ratio. Exclusion of the Bucharest-Düsseldorf 1984
study did not substantially change the eAect estimate. All other
studies showed an overall low risk of bias for this outcome.

Costs

Results on the cost of treatment were only reported in the DCCT
(overall low risk of bias for this outcome). Intensive treatment
using MIs was calculated to cost USD 4014 per year, intensive
treatment using CSII USD 5784 per year and conventional treatment
USD 1666 per year taking into account resources used for therapy
and handling side eAects (hypoglycaemia, weight gain). The
cost diAerence between intensive and conventional treatment
was largely due to the higher frequency of outpatient visits
and the increased blood glucose self-monitoring in the intensive
treatment group. Also the costs for treating side eAects were
three times as high in the intervention group compared to the
control group. However, overall treatment of side eAects only
constituted 5% of the costs. The higher costs of insulin pump
therapy (CSII) compared to MI were entirely due to the higher costs
of pump supplies. Considering the reduction of future diabetes
complications, intensive therapy was found to be highly cost-
eAective (DCCT 1996a; Meltzer 2000).

D I S C U S S I O N

Summary of main results

Our results show that under intensive glucose control the
risk of developing microvascular complications (retinopathy,
nephropathy and neuropathy) is significantly reduced compared
to conventional treatment. Regarding the progression of
these complications aBer manifestation, the eAect is weaker
(retinopathy) or possibly non-existent (nephropathy).

Based on the trials included in this review, we cannot provide
results regarding the development of macrovascular complications
since the incidence of major macrovascular events (strokes and
myocardial infarctions) was too low.

We found that intensive glucose control can be associated with
a higher risk of adverse events, such as severe hypoglycaemic
episodes, ketoacidosis and weight gain. The results regarding
severe hypoglycaemia showed some heterogeneity, particularly
in both DCCT cohorts. This heterogeneity could potentially be
explained by study diAerences regarding the baseline HbA1c. Our

results suggest that the risk of severe hypoglycaemia is particularly
relevant for patients with lower HbA1c levels (< 9.0%) who aim for
more intensive glucose targets.

We found that the risk of ketoacidosis was only increased in
those studies that used insulin pumps in the intervention group.
Therefore, ketoacidosis seems to be an adverse event of insulin
pump therapy but not necessarily of intensive glucose control.

Weight gain was not consistently assessed across the diAerent
trials but in those trials that presented results patients in the
intervention group consistently showed a higher amount of weight
gain. Whether this weight gain could be considered an adverse
eAect in the sense that it leads to patients being overweight was
only analysed in the DCCT, in which the percentage of overweight
patients increased under intensive treatment.

Other outcomes assessed were health-related quality of life, costs
and all-cause mortality. The former two were only assessed in the
DCCT, showing no statistically significant eAect regarding health-
related quality of life and higher costs associated with intensive
treatment, which was however considered cost-eAective when
taking into account the reduction in later diabetes complications.
Mortality rates were similar in the treatment and control arms
although overall the mortality rates were very low.

Overall completeness and applicability of evidence

Our results are based on studies identified through an extensive and
systematic literature search, including articles in all languages. We
included patients of all ages independent of existing co-morbidities
or diabetes complications at baseline. We also searched trial
registers to find potentially relevant but not yet published studies.

The included studies covered a wide spectrum of patient
characteristics. There was one study that only included children
(Wysocki 2003). Some studies included only patients with
background retinopathy, other studies looked at a patient
population only of individuals with microalbuminuria and one
study was carried out on patients who had received a kidney
transplant. While the inclusion of all these diAerent studies allowed
us to cover a wide range of patients, as represented in the general
population of patients with type 1 diabetes, our results should be
interpreted with caution. First of all, the number of studies was
too small to carry out extensive subgroup analyses that would
allow us to investigate to what extent our results can be applied to
all patients or only certain subgroups of patients. Secondly, apart
from one study (Wysocki 2003) all studies have been completed
more than 15 years ago. Therefore, we have to consider to what
extent these results can be applied to the patient population today.
Since then, therapy for patients with type 1 diabetes has changed
substantially through the introduction of insulin analogues (Home
2012; Monami 2009; Siebenhofer 2006), improved insulin pumps
(Tamborlane 2001; Valla 2010), as well as well as a stronger focus
on patient training and management including the development of
systematic disease management programs (Pimouguet 2011). We
do not know how these changes could aAect the results observed
in the studies included in this review. Finally, most of the studies
excluded patients above a certain age or with very long disease
durations. Looking at the characteristics of the included trials, we
can see that we do not have any evidence for old people with type
1 diabetes, nor for those who have lived with the disease for a
long time nor those who received a late diagnosis. The exclusion
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of these patients might also be a reason for the lack of results on
macrovascular complications, so that any evidence we have on this
topic today is purely based on observational studies.

The glycaemic targets that were defined in the included studies
varied substantially from trial to trial, with definitions sometimes
using pre- or postprandial blood glucose and sometimes HbA1c
values. Based on the available data, it is not possible to draw any
conclusions regarding specific glycaemic targets or how quickly
patients should try to reach a specific target given their current
glycaemic control. Appendix 12 shows the average HbA1c levels
achieved in the treatment and control groups. While the treatment
group always achieved better glycaemic control compared to the
control group, it is worth noting that in none of the studies did
patients manage to achieve glycaemic levels close to the normal
range.

Quality of the evidence

Due to the nature of the intervention, none of the studies could
be carried out in a blinded fashion so that the risk of performance
bias, especially for subjective outcomes such as hypoglycaemia,
was present in all of the studies. Half (50%) of the studies were
judged to have a high risk of bias in at least one other category.
The Bucharest-Düsseldorf 1984 was judged to have a high risk of
bias because it used what the study authors referred to as a group
randomisation procedure in which patients were allocated to one
of the three treatment arms corresponding to the time period when
they visited the hospital. Four studies were considered at a high risk
of bias due to the handling of missing data (Linn 1996; MDCCT 1994;
Oslo 1987; Verrillo 1988), and one study was considered to be at a
high risk of bias because the information across publications was
oBen inconsistent and the primary objective of the trial remained
unclear (Wysocki 2003). Overall, the evaluation of the bias risks
was hampered by the lack of information provided in many of the
publications, so that we frequently had to judge the risk of bias as
unclear.

A major limitation of this review is that the intervention of
interest (diAerent glycaemic targets) was confounded by the type of
treatment used in the two study arms. There was not a single study
that only compared diAerent glycaemic targets while keeping all
other aspects of treatment constant. Therefore, our results cannot
be fully attributed to the diAerence in treatment targets alone but
might also be due to other diAerences in the treatment arms, such
as type of insulin regimen, intensity of support through nurses and
doctors, and more frequent blood glucose monitoring.

The quality of the evidence provided in this review might further be
limited by the heterogeneity among included trials due to baseline
diAerences between patient groups, diAerent lengths of follow-
up, and also due to a high variability regarding the definition of
outcomes. We explored this heterogeneity through subgroup and
sensitivity analyses but only to an extent considered adequate
given the low number of trials included. The subgroups that were
analysed sometimes only included two studies; therefore these
results should be considered explorative and only seen in the
context of the literature.

Several outcomes, such as adverse events or mortality, were not
assessed as the primary outcome in any of the trials. Therefore,
reporting on these outcomes was frequently incomplete and the
studies were not suAiciently powered to find eAects on these

outcomes. We tried to avoid outcome reporting bias by asking
authors for additional data on these outcomes. However, since the
studies included in this review were carried out many years ago
many author requests remained unanswered or the study authors
told us that it would not be feasible for them to access the original
data of the trial (for more information on author requests see
Appendix 13).

Diabetes complications are long-term complications that oBen
only develop aBer many years of the disease. RCTs with a follow-
up duration of just a few years can therefore only capture a small
window out of the full time course for the development of these
complications. If an intervention needs to be introduced at an early
stage of the disease to be eAective, as seems to be the case with
intensive glucose control, it becomes almost impossible to study
the eAects on long-term outcomes such as mortality or endstage
renal disease within an RCT.

Some of the included studies investigated the introduction of
intensive treatment in patients who had already developed
complications, but for some outcomes the amount of data in this
patient population is still insuAicient to draw reliable conclusions.
None of the studies have focused on the progression of neuropathy,
and for the progression of nephropathy the amount of data
available in these studies is insuAicient to clearly establish whether
intensive therapy can still slow down further progression or
becomes ineAective once a certain stage of the disease has been
reached.

Potential biases in the review process

Many of the trials included in this review were relatively small,
and we oBen observed a high amount of heterogeneity among
these trials. Smaller trials should not bias the outcomes of a
meta-analysis if methodological quality is high but particular
caution should be applied to heterogenous results (Cappelleri 1996;
Farkouh 2008; Kjaergard 2001), and frequently small trials are found
to have methodological shortcomings (Rerkasem 2010; Zhang
2013). In our review, the amount of information regarding the
design and methods of the trial was much higher for the large DCCT
compared to the other smaller trials, where it was oBen diAicult to
judge the risks of bias due to insuAicient information. We tried to
clarify these issues through author requests but oBen received no
further information. For that reason, and because the number of
studies was low in general, we usually did not carry out sensitivity
analyses based on excluding studies with a high risk of bias. The
only exception was sensitivity analyses in which we excluded the
Bucharest-Düsseldorf 1984 study, which we considered to clearly
have a high risk of bias due to an inappropriate randomisation
procedure. Furthermore, for most of our meta-analyses the results
were dominated by the results of the DCCT cohorts; of all included
studies the DCCT studies were judged to have the lowest risk of bias.

For several analyses there was a high level of heterogeneity if all of
the studies were combined. In these cases we tried to explore the
reasons for heterogeneity by carrying out subgroup and sensitivity
analyses. Furthermore, we repeated analyses using fixed-eAect
models instead of random-eAect models, and odds ratios instead
of risk ratios.

For most of the outcomes analysed in this review, outcome
definitions varied across studies. In the case of retinopathy, every
study used a diAerent kind of retinopathy index and particular

Intensive glucose control versus conventional glucose control for type 1 diabetes mellitus (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

23



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

caution should be applied to the results for Steno 1 1983
and Holman 1983. The Steno 1 1983 study used an improved
retinopathy index combining the results of fluorescein angiography
and fundus photography aBer two years of follow-up. However, for
the results aBer one year, which was the prospectively planned
length of follow-up, we only had separate gradings for the two
measures. While both measures showed similar results overall,
we do not know whether the results were also consistent on an
individual patient level. In the study by Holman 1983, retinopathy
was primarily reported as a continuous measure, however the
researchers did additionally report the number of patients with
newly formed vessels, which we used as a dichotomous outcome
in the meta-analysis. These two studies were combined in
the subgroup analysis of studies with short follow-up for the
progression of retinopathy. Our uncertainty regarding the result
of this subgroup analysis is reflected in the Summary of findings
for the main comparison, where the quality of the evidence
was judged as low. Also, regarding nephropathy, neuropathy and
hypoglycaemia outcomes were not defined according to exactly
the same criteria (for details see Appendix 8 and Appendix
9). However, subgroup analyses in which we grouped studies
according to their outcome definition generally did not show a
strong impact on the results. Nevertheless, these diAerent outcome
definitions are likely to have introduced variability and since
the number of studies was low studying the impact of these
diAerent definitions in subgroup analyses was diAicult. Especially
regarding hypoglycaemic episodes, we would expect definitions
that depend on the subjective judgement of patients or staA,
such as definitions based on the need for assistance from another
person, symptoms associated with hypoglycaemia or even the
number of self-measured low blood glucose measurements (as it is
the patient who chooses when to measure), to be at a high risk of
bias.

Agreements and disagreements with other studies or
reviews

In this review we summarised for the first time the evidence from all
randomised controlled trials that have explicitly specified diAerent
levels of glucose control in the intervention and control groups for
patients with type 1 diabetes mellitus. There have been several
other reviews that have looked at intensive versus conventional
insulin therapy (Callaghan 2012; Egger 1997; Lawson 1999; Mattila
2010; Stettler 2006; Wang 1993). While to some extent these reviews
included the same studies as our review, our review is more specific
as it excluded several studies that had not specified glycaemic
targets.

Regarding the results on microvascular complications, our results
are generally consistent with other reviews. Wang 1993 had carried
out meta-analyses on retinopathy and nephropathy outcomes,
before the results of the DCCT were available. The meta-analyses
did not distinguish between manifestation and progression of these
microvascular diseases and did not diAerentiate between measures
of deterioration of retinopathy or nephropathy. For retinopathy,
only half of the eight studies that were analysed fulfilled the
inclusion criteria for our review. Studies were analysed separately
according to the length of treatment (less than two years or two
years or more) and a significant eAect favouring intensive treatment
was found for studies with a long follow-up, whereas the opposite
trend (although not statistically significant) was found for short
studies. The meta-analysis on nephropathy included seven studies,

three of which were also included in our review, and showed a
significant eAect. Our results on the manifestation of neuropathy
are consistent with a recent meta-analysis by Callaghan 2012, as
well as observational studies showing a strong association between
metabolic control and development of neuropathy (Larsen 2003;
Tesfaye 2005).

Our result on the progression of retinopathy, showing that intensive
glucose control still shows a beneficial but smaller eAect, is
consistent with findings from epidemiological studies (Klein 1998;
Lovestam-Adrian 2001; Porta 2001) showing that metabolic control
and blood pressure are the main risk factors associated with the
development as well as progression of retinopathy.

For the eAect of intensive glucose control on the progression
of nephropathy and neuropathy, there is a lack of evidence
from RCTs. Epidemiological data suggest that even at advanced
stages intensive glucose control can slow or sometimes even
reverse progression. However, results on this issue are inconsistent
(Boulton 2004; Fowler 2008; Vinik 2003).

There is evidence for the importance of several other factors for
the progression of nephropathy complications. It was observed
that even with long periods of high glucose levels only up to 40%
of the patients developed nephropathy, which seems to be partly
due to genetic diAerences that make a subset of patients more
susceptible to the disease (Krolewski 1985; Quinn 1996). Especially
at later stages of nephropathy, other factors such as blood pressure
control, low levels of low density lipoprotein (LDL)-cholesterol
and a protein-restricted diet might become more important in
slowing disease progression compared to blood sugar control alone
(Alaveras 1997; Collins 2003; Fried 2001; Hansen 2002; Mogensen
2003; Pedrini 1996).

In our review, there were not enough data on the development of
endstage renal disease. The observational follow-up of the original
DCCT patients showed a significantly lower incidence of endstage
renal disease in patients who received intensive treatment at early
stages of the disease compared to those who received conventional
treatment (DCCT/EDIC 2011).

Our meta-analysis cannot provide any insight into the eAects of
intensive blood glucose control on major macrovascular outcomes
such as myocardial infarction and stroke. Since the studies mostly
included young patients at relatively early stages of the disease, the
event rates were too low to provide enough data for analysis. The
meta-analysis by Stettler 2006 combined all cardiac and peripheral
vascular events and found a reduced incidence of macrovascular
events in patients under intensive treatment. However, one of
the studies included in that meta-analysis was excluded from our
review because we could not identify diAerent glycaemic targets
in the intervention and control group (SDIS 1993). Furthermore,
for the two Steno studies (Steno 1 1983; Steno 2 1986) the
results referred to follow-up durations of five and eight years,
which suggests that the data used were not based on just the
randomised follow-up periods. However, intensive treatment was
also associated with improved outcomes regarding cardiovascular
disease in the EDIC study, which followed the patients originally
enrolled in the DCCT, and showed a significantly reduced risk
of cardiovascular disease in those patients that were originally
assigned to intensive treatment compared to those patients that
were enrolled in the conventional treatment arm (Nathan 2005).
However, it is important to keep in mind that the DCCT population
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consisted of relatively young and non-obese patients without
hypertension or hypercholesterolaemia at baseline, as these had
been defined as exclusion criteria.

Inconsistent results regarding the risk of coronary artery disease are
obtained from other observational studies, finding no relationship
with glycaemic control. This discrepancy of results can be explained
by a lower percentage of patients with albuminuria in the DCCT/
EDIC cohort compared to other epidemiological studies. For
patients with renal disease, improvement of glycaemic control
might be of little benefit while traditional factors such as insulin
resistance, blood pressure and cholesterol levels play a stronger
role in predicting cardiovascular risk (Orchard 2003; Soedamah-
Muthu 2004; Wajchenberg 2008).

Our review is mostly consistent with other meta-analyses regarding
the occurrence of adverse eAects (Egger 1997; Wang 1993). The
meta-analysis by Egger 1997, which again included several studies
that did not fulfil the inclusion criteria of our review, showed a
significantly increased risk of severe hypoglycaemic episodes for
patients under intensive treatment compared to patients under
conventional treatment. As in this review, the studies also showed
a significant amount of heterogeneity which the authors explored
by meta-regression, showing a significant interaction between the
intervention and HbA1c reduction. In our meta-analysis the eAect
seemed to be dependent on the baseline HbA1c level. Since all
RCTs on intensified glucose control have been carried out a long
time ago, it is diAicult to assess to what extent modern disease
management and patient training programs could prevent the
occurrence of severe hypoglycaemia under intensive treatment.
Other studies looking at the eAect of patient training and the risk of
severe hypoglycaemia in intensively treated patients suggest that
it is possible to achieve tight glycaemic control without increasing
the risk of severe hypoglycaemia (Berger 1995; Sämann 2005).

As in our review, in other reviews (Egger 1997; Wang 1993) the risk
of ketoacidosis was only increased in studies using insulin pumps
in the intensive treatment arm. Since this eAect was only observed
under CSII treatment, we do not consider ketoacidosis an adverse
eAect of intensive treatment per se but rather a potential adverse
eAect of insulin pump therapy. However, recent meta-analyses
comparing MI with CSII indicate that this eAect might only apply to
older studies (Misso 2010; Yeh 2012).

While Egger 1997 also found the overall mortality rates to be similar
in both treatment arms, they did observe a higher proportion
of deaths that were likely to be caused by acute complications
associated with insulin therapy in the intensive treatment arm.
However, we question whether this result can be attributed
to intensive treatment targets. More than half of the studies
included in the review by Egger 1997 compared insulin pump
therapy to conventional treatment, and many of those studies
had not specified diAerent blood glucose targets for the two
treatment arms. Overall, there were only seven deaths due to acute
metabolic complications, five of them due to ketoacidosis and
two were sudden deaths. The causative role of hypoglycaemia in
the occurrence of sudden death is still not fully understood (Tu
2010; Weston 1999) and, as described above, ketoacidosis might
be a risk of insulin pump therapy as practised in old studies.
Furthermore, we believe that the number of deaths reported in
Egger 1997 for Steno 1 1983 and Steno 2 1986 refer to longer
follow-up periods than the randomised follow-up durations of one
and two years, respectively. In general, the RCTs performed on

intensive glucose control do not provide suAicient data to obtain
reliable estimates on the mortality risks in the intervention and
control arms. The results of the EDIC study on mortality are yet
to be published but investigators have already mentioned that an
increased risk of mortality as observed in the ACCORD study on type
2 diabetes (Gerstein 2007; Gerstein 2008) cannot be seen (http://
www.medscape.com/viewarticle/806768). However, the EDIC is
likely to be the wrong study to provide an answer to the question
of whether intensive therapy could be associated with an increased
mortality risk, as described in some studies on type 2 diabetes.
Such a study would need to investigate the introduction of (more)
intensive therapy in an older population of patients with type
1 diabetes, where a large proportion of patients would show
cardiovascular risk factors and may have already developed several
other diabetic complications. There is currently a lack of data on
this kind of patient population.

Some observational data are available on old patients with type
1 diabetes who have lived with diabetes for more than 50 years
(Sun 2011). Interestingly, in this patient cohort no association
can be found between diabetic complications and the current or
longitudinal HbA1c over the last 15 years. This further supports the
idea that tight glycaemic control, while clearly being eAective in a
young and relatively healthy patient population, might not show
the same eAects in other patient groups.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Based on the studies in this review, there is no firm evidence on any
specific treatment target. Treatment targets in current guidelines
vary between an HbA1c of 6.5% and 7.5% and it is unclear how
these targets were established based on the evidence available.
The evidence we have presented in this systematic review supports
targeting tight (close to normal) glucose levels in young people
at relatively early stages of the disease. Our results indicate that
for this patient group intensive therapy leads to a reduced risk
regarding the development of microvascular complications. The
decision to implement these interventions needs to consider
managing the risk of hypoglycaemia, highlighting the need for
appropriate patient training and support. With the progression
of microvascular diabetic complications, intensive treatment
becomes less eAective but can still slow the progression of
retinopathy and possibly also other microvascular complications.
Good blood glucose control might still be important, especially
since there are likely to be many patients who exhibit some
complications but not others. Overall, however, in the case of
nephropathy the treatment of symptoms associated with these
complications as well as the control of other risk factors, for
example high blood pressure, diet and cholesterol levels, might
become more important for the further progression of the diabetic
complications. There is a general lack of evidence regarding
the eAects of intensive treatment in type 1 diabetes patients
who are older or those who have already developed diabetic
complications. We do not know the risks or benefits associated with
introducing intensive treatment in older patients or patients with
cardiovascular disease.

Overall, no firm evidence exists regarding HbA1c thresholds for
all type 1 diabetes patients; it seems necessary to set treatment
goals at the individual patient level depending on age, disease
progression, macrovascular risk, ability to avoid hypoglycaemic

Intensive glucose control versus conventional glucose control for type 1 diabetes mellitus (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

25

http://www.medscape.com/viewarticle/806768
http://www.medscape.com/viewarticle/806768


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

episodes, as well as psychological factors such as burden of
tight blood glucose control on health-related quality of life, fear
of hypoglycaemia, or the mental capabilities of the patient to
successfully manage the various components necessary for tight
blood glucose control.

Implications for research

Further research is especially needed on whether intensive glucose
control should be recommended for patients with type 1 diabetes
who are of older age, at advanced stages of the disease, or with
cardiovascular disease. The existing results based on randomised
trials do not provide adequate data to give insights for such patient
populations. Studies on patients with type 2 diabetes showed that
especially for the subgroups of patients with long-lasting diabetes
or cardiovascular disease, tight blood glucose control does not
show any benefits and might be associated with a higher mortality
risk (Gerstein 2007; Gerstein 2008; Nicholas 2013). Comparable
subgroups of patients with type 1 diabetes have not been studied.
Studying this subgroup of patients is of particular importance
considering that due to improvements in diabetes management as

well as the treatment of diabetes complications, the life expectancy
of patients with type 1 diabetes has increased substantially (Miller
2012) and will lead to a larger population of older patients with
type 1 diabetes for whom we currently have no evidence-based
treatment guidelines.
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Characteristics of included studies [ordered by study ID]

 

Methods Randomised controlled clinical trial (RCT)

Randomisation ratio: 1:1:1

Superiority design

Participants Inclusion criteria: patients hospitalised due to metabolic decompensation or initiation of insulin treat-
ment, age: 15-40 years

Exclusion criteria: admission primarily because of severe acute or chronic disorders unrelated to dia-
betes, mental retardation or psychiatric diseases, clinically overt diabetic nephropathy (urinary protein
excretion exceeding 0.5 g/day and/or raised serum creatinine levels), proliferative retinopathy or blind-
ness, severe foot complications

Diagnostic criteria: patients with type 1 diabetes mellitus (ketosis-prone)

Interventions Number of study centres: 1

Treatment before study a

Outcomes Outcomes reported in abstract of publication: HbA1c, incidence rates of ketoacidosis, hospitalisa-
tion rates, frequency of severe hypoglycaemia

Study details Run-in period: -

Study terminated before regular end: no

Publication details Language of publication: English

Funding: non-commercial (insulin and syringes were provided by various pharmaceutical companies)

Publication status: peer-reviewed journal/full article

Stated aim of study Quote from publication: "It has been questioned whether aiming at near-normoglycaemia by intensi-
fied insulin treatment regimens is feasible and safe for the majority of patients with insulin-dependent
diabetes"

Notes aThree different treatment groups were studied, two groups were followed-up for two years, but for
this review only the first year is relevant

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Quote from publication: "Patients were group randomised to 3 different treat-
ment regimens. The first consecutive 100 patients meeting the eligibility cri-
teria (group A) continues the standard treatment….The second 100 patients
(group B)….The last 100 patients (group C)".
Comment: inappropriate sequence generation

Allocation concealment
(selection bias)

High risk Comment: not described and inappropriate sequence generation

Bucharest-Düsseldorf 1984 
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Blinding of participants
and personnel (perfor-
mance bias) 
Objective Outcomes

Low risk Comment: no blinding of participants and personnel, but risk of bias consid-
ered low for objective outcomes

Blinding of participants
and personnel (perfor-
mance bias) 
Subjective Outcomes

High risk Comment: no blinding of participants and personnel

Blinding of outcome as-
sessment (detection bias) 
Objective Outcomes

Unclear risk Comment: not described

Blinding of outcome as-
sessment (detection bias) 
Subjective Outcomes

High risk Quote from publication: "Severe hypoglycaemia and ketoacidosis were as-
sessed by a standardised interview and by a review of patients records"
Comment: likely not blinded

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Comment: analysis excluded patients who dropped out, however dropout rate
was low

Selective reporting (re-
porting bias)

Unclear risk Comment: data presentation seems complete, but no study protocol available

Other bias Low risk Comment: no other risks of bias found

Bucharest-Düsseldorf 1984  (Continued)

 
 

Methods Parallel randomised controlled clinical trial

Randomisation ratio: 1:1

Superiority design

Participants Inclusion criteria: age: 13-39 years, IDDM for 1-5 years, urinary albumin excretion < 40 mg/24h

Exclusion criteria: hypertension, hypercholesterolaemia, severe diabetic complications or medical
conditions, retinopathy (as detected by seven-field stereoscopic fundus photography)

Diagnostic criteria: insulin dependence, as evidenced by deficient C-peptide secretion

Interventions Number of study centres: 29

Treatment before study: -

Outcomes Outcomes reported in abstract of publication: retinopathy, microalbuminuria, nephropathy, neu-
ropathy, severe hypoglycaemia

Study details Run-in period: -

Study terminated before regular end: yes ("In June 1993, after an average follow-up of 6.5 years
(range, 3 to 9), the independent data monitoring committee determined that the study results warrant-
ed terminating the trial")

Publication details Language of publication: English

Funding: non-commercial and commercial (various corporate sponsors, see DCCT 1987)

DCCT1 1993 
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Publication status: peer-reviewed journal/full article

Stated aim of study Quote from publication: "Will intensive therapy prevent the development of diabetic retinopathy in pa-
tients with no retinopathy (primary prevention), and will intensive therapy affect the progression of
early retinopathy (secondary intervention)? Although retinopathy was the principal study outcome, we
also studied renal, neurologic, cardiovascular, and neuropsychological outcomes and the adverse ef-
fects of the two treatment regimens"

Notes IDDM: insulin-dependent diabetes mellitus

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote from protocol: "For large samples, the Urn procedure minimizes the po-
tential for selection bias, i.e., minimizes the potential that the clinics may in-
fluence the assignment of treatments to subjects by guessing which treatment
will be assigned next. The Urn procedure, however, does not guarantee equal
numbers of subjects in each treatment group. Rather, the probability of a sub-
stantial imbalance in the numbers assigned to each treatment is virtually elim-
inated by this procedure. Within either the primary prevention or secondary
intervention trial, the probability that more than 370 of the 700 subjects would
be assigned to either group is only 0.0073. The exact number of subjects to be
randomised to either group is unknown because the exact number of subjects
to be recruited within each clinic-retinopathy stratum is unknown."

Quote from publication: "Randomization was stratified according to the pri-
mary-prevention and secondary-intervention cohorts at each centre".

Comment: urn randomizations procedures (Wei 1988)

Allocation concealment
(selection bias)

Low risk Quote from protocol: "The list of random assignments will be kept confiden-
tial and accessible only to the Coordinating Center staA at the time of ran-
domizations. Randomization into one of the two treatment groups will be ac-
complished by a telephone call to the Coordinating Center after all criteria for
entry into the study have been satisfied and documented at the Coordinat-
ing Center. At the time of randomizations, the next treatment assignment for
that subjects clinic-retinopathy stratum is communicated by telephone to the
treatment centre staA, with written verification to follow."
Comment: allocation concealment considered appropriate

Blinding of participants
and personnel (perfor-
mance bias) 
Objective Outcomes

Low risk Quote from publication: "The two treatment regimens will, of necessity, be
conducted in an unmasked manner.” ; “With the exception of HbA1c, all cen-
trally determined outcome measurements will ordinarily be masked from the
investigator responsible for the treatment regimens and from the subjects.“
Comment: treatment assignment not blinded, risk of bias considered low for
objective outcomes

Blinding of participants
and personnel (perfor-
mance bias) 
Subjective Outcomes

High risk Quote from publication: "The two treatment regimens will, of necessity, be
conducted in an unmasked manner.” ; “With the exception of HbA1c, all cen-
trally determined outcome measurements will ordinarily be masked from the
investigator responsible for the treatment regimens and from the subjects.“
Comment: treatment assignment not blinded

Blinding of outcome as-
sessment (detection bias) 
Objective Outcomes

Low risk Quote from publication: “The Morbidity and Mortality Classification Commit-
tee classified deaths and cardiovascular events. Coding was performed with-
out knowledge of treatment assignment, according to pre-established crite-
ria"
Comment: objective outcomes were assessed in a blinded manner
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Blinding of outcome as-
sessment (detection bias) 
Subjective Outcomes

Unclear risk Comment: due to the open design of the trial it is likely that it was not possible
to have a blinded assessment of all subjective outcomes

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Quote from publication: "Each subject will then be included in the assigned
treatment group in all statistical analyses regardless of the eventual therapeu-
tic course. Thus subjects who fail to comply with or who are unable to com-
plete the assigned treatment regimen will nevertheless be included in the orig-
inally assigned group for statistical analyses"
Comment: ITT analysis

Selective reporting (re-
porting bias)

Low risk Comment: no reason to assume selective reporting found

Other bias Low risk Comment: no other risks of bias found

DCCT1 1993  (Continued)

 
 

Methods Parallel randomised controlled clinical trial

Randomisation ratio: 1:1

Superiority design

Participants Inclusion criteria: age: 13-39 years, IDDM for 1-15 years, urinary albumin excretion < 200 mg/24h, very
mild-to-moderate nonproliferative retinopathy

Exclusion criteria: hypertension, hypercholesterolaemia, severe diabetic complications or medical
conditions

Diagnostic criteria: insulin dependence, as evidenced by deficient C-peptide secretion

Interventions Number of study centres: 29

Treatment before study:

Outcomes Outcomes reported in abstract of publication: retinopathy, microalbuminuria, nephropathy, neu-
ropathy, severe hypoglycaemia

Study details Run-in period:

Study terminated before regular end: yes ("In June 1993, after an average follow-up of 6.5 years
(range, 3 to 9), the independent data monitoring committee determined that the study results warrant-
ed terminating the trial")

Publication details Language of publication: English

Funding: non-commercial and commercial (various corporate sponsors, see DCCT 1987)

Publication status: peer-reviewed journal/full article

Stated aim of study Quote from publication: "Will intensive therapy prevent the development of diabetic retinopathy in pa-
tients with no retinopathy (primary prevention), and will intensive therapy affect the progression of
early retinopathy (secondary intervention)? Although retinopathy was the principal study outcome, we
also studied renal, neurologic, cardiovascular, and neuropsychological outcomes and the adverse ef-
fects of the two treatment regimens"

DCCT2 1993 
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Notes IDDM: insulin-dependent diabetes mellitus

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote from protocol: "For large samples, the Urn procedure minimizes the po-
tential for selection bias, i.e., minimizes the potential that the clinics may in-
fluence the assignment of treatments to subjects by guessing which treatment
will be assigned next. The Urn procedure, however, does not guarantee equal
numbers of subjects in each treatment group. Rather, the probability of a sub-
stantial imbalance in the numbers assigned to each treatment is virtually elim-
inated by this procedure. Within either the primary prevention or secondary
intervention trial, the probability that more than 370 of the 700 subjects would
be assigned to either group is only 0.0073. The exact number of subjects to be
randomised to either group is unknown because the exact number of subjects
to be recruited within each clinic-retinopathy stratum is unknown."

Quote from publication: "Randomization was stratified according to the pri-
mary-prevention and secondary-intervention cohorts at each centre".

Comment: urn randomizations procedures (Wei 1988)

Allocation concealment
(selection bias)

Low risk Quote from protocol: "The Coordinating Center disclosed the random assign-
ment of each patient to the clinic via telephone at the time of randomization-
s".The list of random assignments will be kept confidential and accessible on-
ly to the Coordinating Center staA at the time of randomizations. Randomiza-
tion into one of the two treatment groups will be accomplished by a telephone
call to the Coordinating Center after all criteria for entry into the study have
been satisfied and documented at the Coordinating Center. At the time of ran-
domizations, the next treatment assignment for that subjects clinic-retinopa-
thy stratum is communicated by telephone to the treatment centre staA, with
written verification to follow."
Comment: allocation concealment considered appropriate

Blinding of participants
and personnel (perfor-
mance bias) 
Objective Outcomes

Low risk Quote from publication: "The two treatment regimens will, of necessity, be
conducted in an unmasked manner.” ; “With the exception of HbA1c, all cen-
trally determined outcome measurements will ordinarily be masked from the
investigator responsible for the treatment regimens and from the subjects.“
Comment: treatment assignment not blinded, risk of bias considered low for
objective outcomes

Blinding of participants
and personnel (perfor-
mance bias) 
Subjective Outcomes

High risk Quote from publication: "The two treatment regimens will, of necessity, be
conducted in an unmasked manner.” ; “With the exception of HbA1c, all cen-
trally determined outcome measurements will ordinarily be masked from the
investigator responsible for the treatment regimens and from the subjects.“
Comment: treatment assignment not blinded

Blinding of outcome as-
sessment (detection bias) 
Objective Outcomes

Low risk Quote from publication: “The Morbidity and Mortality Classification Commit-
tee classified deaths and cardiovascular events. Coding was performed with-
out knowledge of treatment assignment, according to pre-established crite-
ria".
Comment: objective outcomes were assessed in a blinded manner

Blinding of outcome as-
sessment (detection bias) 
Subjective Outcomes

Unclear risk Comment: due to the open design of the trial it is likely that it was not possible
to have a blinded assessment of all subjective outcomes
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Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Quote from publication: "Each subject will then be included in the assigned
treatment group in all statistical analyses regardless of the eventual therapeu-
tic course. Thus subjects who fail to comply with or who are unable to com-
plete the assigned treatment regimen will nevertheless be included in the orig-
inally assigned group for statistical analyses"
Comment: ITT analysis

Selective reporting (re-
porting bias)

Low risk Comment: no reason to assume selective reporting found

Other bias Low risk Comment: no other risks of bias found

DCCT2 1993  (Continued)

 
 

Methods Randomised controlled clinical trial (RCT)

Randomisation ratio: 1:1

Superiority design

Participants Inclusion criteria: type 1 diabetes with background retinopathy

Exclusion criteria: age > 60, proliferative retinopathy, renal impairment (creatinine > 175 µmol/L),
more than one significant cardiovascular event (or one in the previous year), other major disease

Diagnostic criteria: -

Interventions Number of study centres: diabetic clinics in Oxford and Aylesbury

Treatment before study: conventional care

Outcomes Outcomes reported in abstract of publication: HbA1c, renal and sensory-nerve function, low-densi-
ty-lipoprotein-cholesterol and whole-blood low-shear viscosity, rate of progression of retinopathy

Study details Run-in period: -

Study terminated before regular end: no

Publication details Language of publication: English

Funding: non-commercial funding

Publication status: peer-reviewed journal/full article

Stated aim of study Quote from publication: "The randomised prospective study of insulin-dependent diabetic patients
with background retinopathy aimed to determine the degree to which near-normal glycaemia can be
achieved in an unselected clinic population with two injections per day and whether the progress of di-
abetic complications could be retarded"

Notes HbA1c: glycosylated haemoglobin level

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote from publication: "Patients were randomised to two treatment groups
by means of sealed envelopes with stratification for body-weight and blood
pressure"
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Comment: sequence generation not described

Allocation concealment
(selection bias)

Unclear risk Quote from publication: "Patients were randomised to two treatment groups
by means of sealed envelopes with stratification for body-weight and blood
pressure"
Comment: allocation concealment not adequately described

Blinding of participants
and personnel (perfor-
mance bias) 
Objective Outcomes

Low risk Quote from publication: "All A patients were intensively educated in the care
of their diabetes; the U group continued their usual therapy and attended the
routine diabetic clinic"
Comment: neither participants nor personnel blinded, but risk of bias consid-
ered low for objective outcomes

Blinding of participants
and personnel (perfor-
mance bias) 
Subjective Outcomes

High risk Quote from publication: "All A patients were intensively educated in the care
of their diabetes; the U group continued their usual therapy and attended the
routine diabetic clinic"
Comment: neither participants nor personnel blinded

Blinding of outcome as-
sessment (detection bias) 
Objective Outcomes

Low risk Quote from publication: "All readings were made by the same research nurse
who was aware of the patient´s group but had no record of previous measure-
ments. Ophthalmoscopy…was undertaken by an ophthalmologist without
knowledge of the patients group.”
Comment: blinded assessment of primary outcome

Blinding of outcome as-
sessment (detection bias) 
Subjective Outcomes

Unclear risk Quote from publication: "All readings were made by the same research nurse
who was aware of the patient´s group but had no record of previous measure-
ments"
Comment: assessment not blinded, but some measures were taken to avoid
bias

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Quote from publication: "Data are shown for all patients where available. The
initial comparison of groups would be unchanged if the 5 patients who did
not complete two years in the study were excluded, with the exception of the
vibration sensory threshold, in which case the changes over 2 years were as-
sessed in relation to possible confounding variables by analysis of covariance"
Comment: complete case analysis, missingness likely not random, but num-
ber of missing values not very large

Selective reporting (re-
porting bias)

Unclear risk Comment: there is insufficient information to assess whether a risk of selective
outcome reporting is present

Other bias Low risk Comment: no other sources of bias became apparent

Holman 1983  (Continued)

 
 

Methods Parallel randomised controlled clinical trial

Randomisation ratio: 1:1

Superiority design

Participants Inclusion criteria: newly diagnosed type 1 diabetes, adults

Exclusion criteria: -

Diagnostic criteria: IDDM defined on the basis of insulin dependency according to WHO 1985

Interventions Number of study centres: 1

Linn 1996 
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Treatment before study: -

Outcomes Outcomes reported in abstract of publication: glucagon-stimulated C-peptide, microalbuminuria,
retinopathy, neuropathy, HbA1c, hypoglycaemia frequency, insulin sensitivity

Study details Run-in period: -

Study terminated before regular end: no

Publication details Language of publication: English

Funding: -

Publication status: peer-reviewed journal/full article

Stated aim of study Quote from publication: "In this study, intensive insulin treatment was initiated in newly diagnosed
adult patients to determine if it preserved endogenous insulin secretion longer than conventional ther-
apy"

Notes -

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote from publication: "…randomizations was performed with the use of
computer-selected random numbers"
Comment: considered adequate

Allocation concealment
(selection bias)

Unclear risk Comment: not described

Blinding of participants
and personnel (perfor-
mance bias) 
Objective Outcomes

Low risk Quote from publication: "The I group contacted the diabetes educator by visit
or telephone once per month to review and adjust the regimens".
Comment: neither participants nor personnel blinded, but risk of bias consid-
ered low for objective outcomes

Blinding of participants
and personnel (perfor-
mance bias) 
Subjective Outcomes

High risk Quote from publication: "The I group contacted the diabetes educator by visit
or telephone once per month to review and adjust the regimens".

Comment: neither participants nor personnel blinded

Blinding of outcome as-
sessment (detection bias) 
Objective Outcomes

Unclear risk Comment: not described

Blinding of outcome as-
sessment (detection bias) 
Subjective Outcomes

Unclear risk Comment: not described

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Quote from publication: "Forty-two of 49 randomised patients completed the
5 years, and only their data were included"
Comment: no reasons given for the withdrawals, analysis not ITT

Selective reporting (re-
porting bias)

Unclear risk Comment: information insufficient to make judgement

Other bias Unclear risk Comment: no other risks of bias found, but amount of information considered
insufficient to make judgement
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Methods Randomised controlled clinical trial (RCT)

Randomisation ratio: 1:1

Superiority design

Participants Inclusion criteria: patients with insulin-dependent diabetes mellitus (IDDM); age: 16 - 60 years; mi-
croalbuminuria (albumin excretion >30 and <200μg/min); onset of diabetes before the age of 39; sitting
blood pressure below 160/95 mm Hg

Exclusion criteria: arterial hypertension; albuminuria by dipstick test, antihypertensive treatment,
clinical evidence of cardiovascular, peripheral vascular, or renal disease

Diagnostic criteria: -

Interventions Number of study centres: nine hospital based specialist diabetes centres

Treatment before study: conventional care

Outcomes Outcomes reported in abstract of publication: development of clinical albuminuria (defined as albu-
min excretion greater than 200 μg/min on at least two consecutive occasions, and rate of change of al-
bumin excretion), HbA1c, blood pressure

Study details Run-in period: -

Study terminated before regular end: no

Publication details Language of publication: English

Funding: non-commercial funding

Publication status: peer-reviewed journal/full article

Stated aim of study Quote from publication: "To study the effect of intensive therapy of diabetes on the progression to clin-
ical albuminuria in insulin dependent diabetic patients with microalbuminuria"

Notes IDDM: insulin-dependent diabetes mellitus

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote from publication: "Patients were stratified by age and sex and ran-
domised to either intensive therapy or conventional therapy by a centralised
procedure"
Comment: method used for the allocation sequence generation was not ex-
actly described

Allocation concealment
(selection bias)

Low risk Quote from publication: "Patients were stratified by age and sex and ran-
domised to either intensive therapy or conventional therapy by a centralised
procedure"
Comment: “Centralised procedure” is likely adequate

Blinding of participants
and personnel (perfor-
mance bias) 
Objective Outcomes

Low risk Quote from publication: "Clear glycaemic targets were set in the intensive
therapy group and they adjusted their treatment regimen in consultation with
the investigation team"
Comment: patients and investigators were not blinded, but risk of bias consid-
ered low for objective outcomes

MCSG 1995 
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Blinding of participants
and personnel (perfor-
mance bias) 
Subjective Outcomes

High risk Quote from publication: "Clear glycaemic targets were set in the intensive
therapy group and they adjusted their treatment regimen in consultation with
the investigation team"
Comment: patients and investigators were not blinded

Blinding of outcome as-
sessment (detection bias) 
Objective Outcomes

Unclear risk Quote from publication: "A blood sample was drawn for measurement of gly-
cated haemoglobin concentration; these measurements were done in four
participating centres that regularly exchanged quality control samples and
cross validated results"
Comment: not described if the outcome assessors were blinded

Blinding of outcome as-
sessment (detection bias) 
Subjective Outcomes

Unclear risk Quote from publication: "At each visit a medical history was taken, including a
record of severe episodes of hypoglycaemia or ketoacidosis…"
Comment: not described if the outcome assessors were blinded

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Comment: not described; withdrawals in both groups are reported, but the
reasons are not reported separately for each group

Selective reporting (re-
porting bias)

Unclear risk Comment: there is insufficient information to assess whether a risk of selective
outcome reporting is present

Other bias Unclear risk Comment: some information presented in the paper was inconsistent

MCSG 1995  (Continued)

 
 

Methods Parallel randomised controlled clinical trial

Randomisation ratioa : 1:1(1978), 2:1 (in favour of intensive therapy, 1978-1984), 2:1 (in favour of con-
trol treatment, after 1984)

Superiority design

Participants Inclusion criteria: received a renal allograft as treatment for end-stage diabetic nephropathy

Exclusion criteria: -

Diagnostic criteria: insulin-dependent type 1 diabetes

Interventions Number of study centres: 1

Treatment before study: -

Outcomes Outcomes reported in abstract of publication: haemoglobin A1 level, renal glomerular mesangial ex-
pansion, volume fraction of mesangial matrix per glomerulus, increase in arteriolar hyalinosis, widen-
ing of the glomerular basement membrane, increase of volume fraction of the total mesangium, inci-
dence of severe hypoglycaemic episodes, cognitive function

Study details Run-in period: -

Study terminated before regular end: no

Publication details Language of publication English

Funding: partially commercial

Publication status: peer-reviewed journal/full article

MDCCT 1994 
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Stated aim of study Quote from publication: "To determine whether optimised glycaemic control in type I diabetic recipi-
ents of renal allografts will prevent or delay diabetic renal lesions in the allograft"

Notes aInitially patients were randomised before transplantation, after 2 years, patients were randomised
three months after transplantation to exclude patients whose graBs were rejected

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote from publication: "The subjects were recruited from the large popula-
tion of type I diabetics with uremia who sought kidney transplantation at the
University of Minnesota…About 300 patients were invited to join the study…
The remaining 99 were originally randomised equally between the two treat-
ment groups (before transplantation). Two years later, we began randomiza-
tions 3 months after transplantation…and to exclude patients whose graBs
were rejected during this high-risk period. Between 1978 and 1984, random-
izations was 2:1 in favour of the maximized group, since we hypothesized that
this group would have more withdrawals from the trial…To balance the size of
the two groups, in 1985 we began 2:1 randomizations in favour of the standard
group"
Comment: sequence generation not described

Allocation concealment
(selection bias)

Unclear risk Comment: not described

Blinding of participants
and personnel (perfor-
mance bias) 
Objective Outcomes

Low risk Quote from publication: "The patients in the maximized group were contacted
frequently by the study dietitian"
Comment: neither participants nor personnel blinded, but risk of bias consid-
ered low for objective outcomes

Blinding of participants
and personnel (perfor-
mance bias) 
Subjective Outcomes

High risk Quote from publication: "The patients in the maximized group were contacted
frequently by the study dietitian"
Comment: neither participants nor personnel blinded

Blinding of outcome as-
sessment (detection bias) 
Objective Outcomes

Unclear risk Comment: not described

Blinding of outcome as-
sessment (detection bias) 
Subjective Outcomes

Unclear risk Comment: not described

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Quote from publication: "Conclusions of our study may be tempered some-
what by the relatively high proportion of patients for whom data could not be
evaluated". “The rate of voluntary withdrawal tended to be higher in the maxi-
mized than the standard group.”
Comment: high number of dropouts; analysis of drop-outs suggests non-ran-
domness of missing data; complete case analysis

Selective reporting (re-
porting bias)

Unclear risk Comment: results on hypoglycaemia insufficiently reported

Other bias Unclear risk Comment: several analyses and publications before the end of the trial; some
inconsistencies in the reporting of results

MDCCT 1994  (Continued)
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Methods Parallel randomised controlled clinical trial

Randomisation ratio:1:1:1

Superiority design

Participants Inclusion criteria: age: 18-45 years, diabetes duration > 7 years, but < 30 years, diabetes diagnosis be-
fore age = 30, negative for C-peptide

Exclusion criteria: clinical signs of nephropathy (serum creatinine ≤ 150 µmol/L), systemic hyperten-
sion (diastolic blood pressure ≤ 100 mm Hg), history of neuropathy, proliferative retinopathy, pregnant,
medication other than insulin (apart from contraceptives)

Diagnostic criteria: C-peptide negative insulin dependent diabetes

Interventions Number of study centres: 1

Treatment before study: two daily insulin injections of mixed insulin

Outcomes Outcomes reported in abstract of publication: HbA1c, hypoglycaemic coma, ketoacidosis, cutaneous
infections at injection site, insulin antibodies, retinopathy, urinary albumin excretion, glomerular hy-
perfiltration, sensory and motor nerve conduction velocity

Study details Run-in period: 2 months

Study terminated before regular end: no

Publication details Language of publication: English

Funding: partially commercial

Publication status: peer-reviewed journal/full article

Stated aim of study Quote from publication: "To study the influence of long-term near-normoglycaemia on early stages of
microangiopathy and neuropathy in young insulin dependent diabetic patients"

Notes For several outcomes results have only be reported after 2 years

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote from publication: "To ensure comparable treatment groups a block ran-
domizations procedure was chosen. The patients were randomised into three
groups by a computer programme making the best possible distribution of ba-
sic characteristics in the following priority: Age, duration of disease, sex, initial
HbA1c value and retinopathy grading"
Comment: considered adequate

Allocation concealment
(selection bias)

Unclear risk Comment: not described

Blinding of participants
and personnel (perfor-
mance bias) 
Objective Outcomes

Low risk Comment: not blinded, but risk of bias considered low for objective outcomes

Oslo 1987 
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Blinding of participants
and personnel (perfor-
mance bias) 
Subjective Outcomes

High risk Comment: not blinded

Blinding of outcome as-
sessment (detection bias) 
Objective Outcomes

Low risk Quote from publication: "To avoid observer bias, all pictures were coded and
evaluated in a masked manner by the ophthalmologist"
Comment: blinded outcome assessment of retinopathy, unclear for other out-
comes

Blinding of outcome as-
sessment (detection bias) 
Subjective Outcomes

Unclear risk Comment: not described

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Quote from publication: "Data collected until change of treatment was used
for statistical analysis"
Comment: About 35% of the patients in the control group and 15% of patients
in the treatment groups changed the treatment arm at some point during the
study; it is not clear across the different publications of the Oslo study how
these data were handled. Since the proportion of patients changing treatment
was substantial, risk of bias was considered high

Selective reporting (re-
porting bias)

Unclear risk Comment: data were analysed for many different times of follow-up

Other bias Unclear risk Comment: reporting insufficient to assess the risk of other biases

Oslo 1987  (Continued)

 
 

Methods Randomised controlled clinical trial (RCT)

Randomisation ratio: 1:1

Superiority design

Participants Inclusion criteria: type 1 diabetes with background retinopathy, postprandial C-peptide ≤ 0.2 nmol/
L, serum creatine ≤ 150 μmol/L, age 18-51 years, diabetes onset before age 30, diabetes duration < 35
years

Exclusion criteria: -

Diagnostic criteria: type 1 diabetes

Interventions Number of study centres: 1

Treatment before study: 1-3 insulin injections

Outcomes Outcomes reported in abstract of publication: mean blood glucose, HbA1c, retinal morphology, reti-
nal function, proliferative retinopathy

Study details Run-in period: -

Study terminated before regular end: no

Publication details Language of publication: English

Funding: non-commercial

Steno 1 1983 
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Publication status: peer-reviewed journal/full article

Stated aim of study Quote from publication: "The aim of the study was to evaluate the effect of near-normal glycaemic con-
trol on retinopathy"

Notes HbA1c: glycosylated haemoglobin level; IDDM: insulin-dependent diabetes mellitus

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote from publication: "Patients were randomised to unchanged convention-
al treatment or to continuous subcutaneous insulin infusion".
Comment: sequence generation not described

Allocation concealment
(selection bias)

Unclear risk Quote from publication: "Patients were randomised to unchanged convention-
al treatment or to continuous subcutaneous insulin infusion ".
Comment: allocation concealment not described

Blinding of participants
and personnel (perfor-
mance bias) 
Objective Outcomes

Low risk Comment: patients and investigators were not blinded, but risk of bias consid-
ered low for objective outcomes

Blinding of participants
and personnel (perfor-
mance bias) 
Subjective Outcomes

High risk Comment: patients and investigators were not blinded

Blinding of outcome as-
sessment (detection bias) 
Objective Outcomes

Low risk Quote from publication: "At the end of the study all fundus photographs were
mixed and read in a ‘blind’ fashion by two ophthalmologists who had to agree
whether the photographs showed deterioration, no change, or improvement"
Comment: blinded outcome assessment of retinopathy, unclear for other out-
comes

Blinding of outcome as-
sessment (detection bias) 
Subjective Outcomes

Unclear risk Comment: not described

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Comment: all 30 patients were included in the analysis, but it is not clear
whether there were missing data and how they were treated

Selective reporting (re-
porting bias)

Unclear risk Comment: there is insufficient information to assess whether a risk of selective
outcome reporting is present

Other bias Unclear risk Comment: HbA1c baseline difference between treatment groups, inconsisten-
cies regarding number of enrolled patients across publications

Steno 1 1983  (Continued)

 
 

Methods Parallel randomised controlled clinical trial

Randomisation ratio: 1:1

Superiority design

Steno 2 1986 
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Participants Inclusion criteria: 18-50 years, postprandial C-peptide level < 0.2 nmol/L, diabetes duration: 5 - 26
years, supine systolic blood pressure < 160 mm Hg, diastolic blood pressure < 95 mm Hg, consistently
negative albustix reaction on 24h urine, raised urinary albumin excretion (30 to 300 mg/24h) in two of
three tests in 3-month period (incipient diabetic nephropathy)

Exclusion criteria: history of renal disease, active proliferative retinopathy, laser treatment, psychi-
atric disorders, medication other than oral contraceptives, unable to sense hypoglycaemia

Diagnostic criteria: insulin-dependent diabetes

Interventions Number of study centres: 1

Treatment before study: subcutaneous depot injections of intermediate-acting insulin preparations,
often mixed with short-acting insulin, two to three times daily

Outcomes Outcomes reported in abstract of publication: glycosylated haemoglobin, manifestation of clinical
diabetic nephropathy

Study details Run-in period: -

Study terminated before regular end: no

Publication details Language of publication: English

Funding: non-commercial

Publication status: peer-reviewed journal/full article

Stated aim of study Quote from publication: "to evaluate the effect…of strict metabolic control on kidney function in pa-
tients with microalbuminuria, using serial analysis of albumin excretion before and during the study
period.”

Notes -

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote from publication: "The 36 patients were matched in pairs according to
urinary albumin level, degree of metabolic control, and sex and were assigned
randomly to either continuous insulin infusion or unchanged conventional
treatment"
Comment: sequence generation not described

Allocation concealment
(selection bias)

Unclear risk Comment: not described

Blinding of participants
and personnel (perfor-
mance bias) 
Objective Outcomes

Low risk Comment: neither participants or personnel blinded, but risk of bias consid-
ered low for objective outcomes

Blinding of participants
and personnel (perfor-
mance bias) 
Subjective Outcomes

High risk Comment: not blinded

Blinding of outcome as-
sessment (detection bias) 

Unclear risk Comment: not described

Steno 2 1986  (Continued)
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Objective Outcomes

Blinding of outcome as-
sessment (detection bias) 
Subjective Outcomes

Unclear risk Comment: not described

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: all 36 patients were included in the analysis, likely no dropouts, al-
though this was not explicitly stated

Selective reporting (re-
porting bias)

Unclear risk Comment: no protocol was available, but no evidence for selective reporting
found in the manuscript. Adverse events were likely collected but not reported
on

Other bias Unclear risk Comment: inconsistencies regarding number of enrolled patients across publi-
cations

Steno 2 1986  (Continued)

 
 

Methods Parallel randomised controlled clinical trial

Randomisation ratio: 1.1

Superiority design

Participants Inclusion criteria: age: 18-50 years; diabetes for 15-30 years, supine systolic blood pressure under 150
mm Hg and a supine diastolic blood pressure under 95 mm Hg, no evidence of ischaemic heart disease
according to Minnesota code, urinary protein excretion below 0.5 g/day; background retinopathy

Exclusion criteria: -

Diagnostic criteria: no residual endogenous insulin secretory capacity defined as a plasma C-peptide
concentration below 0.1 pmol per mL in the postabsorptive state, and 6 min after the intravenous in-
jection of 1 mg glucagon

Interventions Number of study centres: -

Treatment before study: subcutaneous injections of intermediate-acting insulin preparations, often
mixed with short acting insulin, not more than twice daily

Outcomes Outcomes reported in abstract of publication: plasma glucose profile, glycosylated haemoglobin,
retinal morphology, retinopathy

Study details Run-in period: -

Study terminated before regular end: no

Publication details Language of publication: English

Funding: -

Publication status: peer-reviewed journal/full article

Stated aim of study Quote from publication: "…to evaluate (a) the degree of glycaemic control which can be achieved and
maintained in patients with IDDM by using a more intensive insulin regimen employing long-acting in-
sulin as basal cover and soluble insulin at mealtimes, and (b) what is the effect of this treatment on the
rate of deterioration of already established retinopathy”

Verrillo 1988 
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Notes IDDM: insulin dependent diabetes mellitus

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote from publication: "Originally, the patients were identified in a screening
for retinopathy by ophthalmoscopy through dilated pupils in our outpatient
clinic. Of the 54 consecutive insulin-treated diabetic patients with background
retinopathy, 44 agreed to take part in the study. They were randomly allocated
to one of the treatment regimens – UCT or ICT. Block randomizations was per-
formed to ensure comparable groups".
Comment: sequence generation not described

Allocation concealment
(selection bias)

Unclear risk Comment: not described

Blinding of participants
and personnel (perfor-
mance bias) 
Objective Outcomes

Low risk Quote from publication: "The UCT patients attended to the routine diabetic
clinic; ICT patients were seen in the outpatient clinic every four weeks for the
first year and then every eight weeks"
Comment: not blinded, , but risk of bias considered low for objective out-
comes

Blinding of participants
and personnel (perfor-
mance bias) 
Subjective Outcomes

High risk Comment: not blinded

Blinding of outcome as-
sessment (detection bias) 
Objective Outcomes

Low risk Quote from publication: "Colour photographs and angiograms were evaluated
blindly by a senior ophthalmologist, the identity of the patient and number of
examination being masked"
Comment: outcomes assessment blinded

Blinding of outcome as-
sessment (detection bias) 
Subjective Outcomes

Unclear risk Comment: not described

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Quote from publication: "Subsequent to randomizations…., six patients were
lost to follow-up"
Comment: drop-outs not considered in analysis

Selective reporting (re-
porting bias)

Unclear risk Comment: incomplete reporting on some outcomes (e.g. mild hypoglycaemia)

Other bias Unclear risk Comment: no other risks of bias found, but reporting insufficient to make
judgement

Verrillo 1988  (Continued)

 
 

Methods Parallel randomised controlled clinical trial

Randomisation ratio: 1:1

Superiority design

Wysocki 2003 
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Participants Inclusion criteria: school-aged children (6-15 years), type 1 diabetes for at least 2 years or for 1 year
with a negligible stimulated C-peptide level, reside in a family situation, telephone service at home,
plan to continue treatment at the enrolling centre throughout the study

Exclusion criteria: other chronic medical conditions (except well-controlled Hashimoto thyroiditis or
well-controlled asthma), inpatient psychiatric treatment within the previous six months, caregivers not
literate in English, caregivers treated for psychosis, major depression, bipolar disorder or substance
abuse in the prior 6 months

Diagnostic criteria: type 1 diabetes mellitus

Interventions Number of study centres: 2

Treatment before study: -

Titration period: 18 months

Outcomes Outcomes reported in abstract of publication: severe hypoglycaemia, HbA1c, decline in IQ

Study details Run-in period: -

Study terminated before regular end: no

Publication details Language of publication: English

Funding: non-commercial

Publication status: peer-reviewed journal/full article

Stated aim of study Quote from publication: "The objective of this study was to determine whether severe hypoglycaemia
in children with type 1 diabetes is associated with cognitive decline over 18 months”; “The primary pur-
pose of the trial was to identify variables that predict benefit from the two regimens"

Notes IQ: intelligence quotient

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote from publication: "Randomization was stratified according to the pa-
tient´s age and HbA1c and was performed by the trial coordinator at the other
centre"
Comment: not adequately described

Allocation concealment
(selection bias)

Unclear risk Quote from publication: "Randomization was stratified according to the pa-
tient´s age and HbA1c and was performed by the trial coordinator at the other
centre"
Comment: not adequately described

Blinding of participants
and personnel (perfor-
mance bias) 
Objective Outcomes

Low risk Quote from publication: "Intensive therapy (IT) patients received approxi-
mately four times more contacts with nurses, dietitians, and psychologists
than those in the usual care (UC) group"
Comment: neither participants nor personnel blinded, but risk of bias consid-
ered low for objective outcomes

Blinding of participants
and personnel (perfor-
mance bias) 
Subjective Outcomes

High risk Quote from publication: "Intensive therapy (IT) patients received approxi-
mately four times more contacts with nurses, dietitians, and psychologists
than those in the usual care (UC) group"Comment: neither participants nor
personnel blinded

Wysocki 2003  (Continued)
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Blinding of outcome as-
sessment (detection bias) 
Objective Outcomes

Unclear risk Comment: not described

Blinding of outcome as-
sessment (detection bias) 
Subjective Outcomes

High risk Quote from publication: "…Parents documented this information immediate-
ly after any apparent severe hypoglycaemia episode. Parents telephoned the
study nurse during the next business day to review each such episode to verify
that it met the DCCT criteria"
Comment: likely not blinded

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Comment: it is not clearly described whether there were any dropouts or miss-
ing data

Selective reporting (re-
porting bias)

Unclear risk Comment: the study likely investigated other outcomes, which were not men-
tioned in this study. Also, no reference is given to other articles on this study or
a study protocol. It is not quite clear what the primary aim of the overall study
was

Other bias High risk Comment: gender shows a large baseline difference, all articles seem partial
reports of a larger study, which is not well referenced; inconsistent baseline
data reporting across different publications

Wysocki 2003  (Continued)

 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Azar 1999 No relevant outcomes

Bangstad 1992 No specified glucose targets in treatment groups

Barr 2001 Not randomised controlled trial

Beck-Nielsen 1990 No specified glucose targets in treatment groups

Biesenbach 1988 No specified glucose targets in treatment groups

Bougneres 1993 No specified glucose targets in treatment groups

Christensen 1987 No specified glucose targets in treatment groups

Christiansen 1987 No specified glucose targets in treatment groups

Ciavarella 1985 No specified glucose targets in treatment groups

Crepaldi 1989 No specified glucose targets in treatment groups

de Beaufort 1989 No specified glucose targets in treatment groups

Ditzel 1987 Study duration < 1 year

Dzien 1988 Not randomised controlled trial

Edelmann 1987 No specified glucose targets in treatment groups
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Study Reason for exclusion

Eschwege 1979 No specified glucose targets in treatment groups

Franklin 2006 No specified glucose targets in treatment groups

Goicolea 1987 No specified glucose targets in treatment groups

Itoh 1990 No separate analysis of patients with type 1 diabetes

Kaufman 2005 Not randomised controlled trial

Kordella 2005 Not randomised controlled trial

Kritz 1983 Not randomised controlled trial

KROC 1988 Study duration < 1 year

Levy 1984 Study duration < 1 year

Malmberg 1997 No specified glucose targets in treatment groups

Montanya 1997 No specified glucose targets in treatment groups

Nosadini 1988 No specified glucose targets in treatment groups

Perlman 1984 No specified glucose targets in treatment groups

Podgorski 1987 Study duration < 1 year

Rodger 1988 Study duration < 1 year

Rosenstock 1988 Not randomised controlled trial

Saito 1996 Not randomised controlled trial

SDIS 1993 No specified glucose targets in treatment groups

Shah 1989 No specified glucose targets in treatment groups

Skare 1986 No specified glucose targets in treatment groups

Tubner 1996 No specified glucose targets in treatment groups

Weinrauch 2009 No specified glucose targets in treatment groups

Wiseman 1985 No specified glucose targets in treatment groups
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Comparison 1.   Intensive glucose control versus conventional glucose control

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Retinopathy 7 1660 Risk Ratio (IV, Random, 95%
CI)

0.71 [0.44, 1.16]

2 Manifestation of retinopathy 2 768 Risk Ratio (IV, Random, 95%
CI)

0.27 [0.18, 0.42]

3 Progression of retinopathy, random
effects model

4 860 Risk Ratio (IV, Random, 95%
CI)

1.10 [0.54, 2.24]

4 Progression of retinopathy, random
effects model, all studies, Steno 1 after
2 years

4 859 Risk Ratio (IV, Random, 95%
CI)

0.68 [0.47, 0.99]

5 Progression of retinopathy, random
effects model, stratified by follow-up
duration

4 860 Risk Ratio (IV, Random, 95%
CI)

1.10 [0.54, 2.24]

5.1 Follow-up duration >= 2 years 2 764 Risk Ratio (IV, Random, 95%
CI)

0.61 [0.49, 0.76]

5.2 Follow-up duration < 2 years 2 96 Risk Ratio (IV, Random, 95%
CI)

2.32 [1.16, 4.63]

6 Progression of retinopathy, fixed-ef-
fect model, stratified by follow-up du-
ration

4 860 Risk Ratio (M-H, Fixed, 95%
CI)

0.68 [0.55, 0.84]

6.1 Follow-up duration > 1 year 2 764 Risk Ratio (M-H, Fixed, 95%
CI)

0.60 [0.48, 0.75]

6.2 Follow-up duration <= 1 year 2 96 Risk Ratio (M-H, Fixed, 95%
CI)

2.38 [1.16, 4.88]

7 Progression of retinopathy, random
effects model, stratified by follow-up
duration, OR

4 860 Odds Ratio (IV, Random,
95% CI)

1.28 [0.39, 4.26]

7.1 Follow-up duration > 1 year 2 764 Odds Ratio (IV, Random,
95% CI)

0.48 [0.35, 0.65]

7.2 Follow-up duration <= 1 year 2 96 Odds Ratio (IV, Random,
95% CI)

4.28 [1.36, 13.49]

8 Manifestation of nephropathy, ran-
dom-effects model, RR

3 1475 Risk Ratio (IV, Random, 95%
CI)

0.56 [0.46, 0.68]

9 Manifestation of nephropathy, ran-
dom-effects model, alternative mea-
sure in Oslo 1987

3 1475 Risk Ratio (IV, Random, 95%
CI)

0.56 [0.46, 0.68]

10 Manifestation of nephropathy,
fixed-effect model, RR

3 1475 Risk Ratio (M-H, Fixed, 95%
CI)

0.57 [0.47, 0.69]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

11 Manifestation of nephropathy, ran-
dom-effects model, OR

3 1475 Odds Ratio (IV, Random,
95% CI)

0.48 [0.34, 0.67]

12 Progression of nephropathy, ran-
dom-effects model, RR

3 179 Risk Ratio (IV, Random, 95%
CI)

0.79 [0.37, 1.70]

13 Progression of nephropathy, fixed-
effect model, RR

3 179 Risk Ratio (M-H, Fixed, 95%
CI)

0.70 [0.38, 1.30]

14 Progression of nephropathy, ran-
dom-effects model, OR

3 179 Odds Ratio (IV, Random,
95% CI)

0.70 [0.26, 1.91]

15 Manifestation of neuropathy, ran-
dom-effects model, RR

3 1203 Risk Ratio (IV, Random, 95%
CI)

0.35 [0.23, 0.53]

16 Manifestation of neuropathy, fixed-
effect model, RR

3 1203 Risk Ratio (M-H, Fixed, 95%
CI)

0.34 [0.23, 0.51]

17 Manifestation of neuropathy, ran-
dom-effects model, OR

3 1203 Odds Ratio (IV, Random,
95% CI)

0.31 [0.20, 0.48]

18 Severe hypoglycaemia, random-ef-
fects model, RR

11 2108 Risk Ratio (IV, Random, 95%
CI)

1.50 [1.17, 1.91]

19 Severe hypoglycaemia, assistance
of other person

4 1653 Risk Ratio (IV, Random, 95%
CI)

1.64 [1.27, 2.12]

20 Severe hypoglycaemia, coma or
hospital admission

7 1818 Risk Ratio (IV, Random, 95%
CI)

1.67 [1.09, 2.55]

21 Severe hypoglycaemia, random-ef-
fects model, RR, without DCCT

9 667 Risk Ratio (IV, Random, 95%
CI)

1.13 [0.83, 1.52]

22 Severe hypoglycaemia, stratified by
baseline HbA1c

11 2108 Risk Ratio (IV, Random, 95%
CI)

1.50 [1.17, 1.91]

22.1 Baseline HbA1c < 9.0 3 1583 Risk Ratio (IV, Random, 95%
CI)

1.68 [1.29, 2.19]

22.2 Baseline HbA1c >= 9.0 8 525 Risk Ratio (IV, Random, 95%
CI)

1.04 [0.66, 1.64]

23 Severe hypoglycaemia, random-ef-
fects model, RR, without Bucharest-
Düsseldorf

10 1918 Risk Ratio (IV, Random, 95%
CI)

1.45 [1.12, 1.88]

24 Severe hypoglycaemia, random-ef-
fects model, RR, without DCCT and
Bucharest-Düsseldorf

8 477 Risk Ratio (IV, Random, 95%
CI)

1.05 [0.77, 1.44]

25 Severe hypoglycaemia, stratified
by baseline HbA1c, without Bucharest-
Düsseldorf

10 1918 Risk Ratio (IV, Random, 95%
CI)

1.45 [1.12, 1.88]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

25.1 Baseline HbA1c < 9.0 3 1583 Risk Ratio (IV, Random, 95%
CI)

1.68 [1.29, 2.19]

25.2 Baseline HbA1c >= 9.0 7 335 Risk Ratio (IV, Random, 95%
CI)

0.86 [0.52, 1.42]

26 Severe hypoglycaemia, coma
or hospital admission, without
Bucharest-Düsseldorf

6 1628 Risk Ratio (IV, Random, 95%
CI)

1.58 [0.98, 2.56]

27 Severe hypoglycaemia, stratified by
baseline HbA1c, fixed-effect model

11 2108 Risk Ratio (IV, Fixed, 95% CI) 1.70 [1.53, 1.89]

27.1 Baseline HbA1c < 9.0 3 1583 Risk Ratio (IV, Fixed, 95% CI) 1.75 [1.57, 1.94]

27.2 Baseline HbA1c >= 9.0 8 525 Risk Ratio (IV, Fixed, 95% CI) 1.04 [0.66, 1.64]

28 Severe hypoglycaemia, stratified by
baseline HbA1c, OR

11 2108 Odds Ratio (IV, Random,
95% CI)

1.91 [1.24, 2.95]

28.1 Baseline HbA1c < 9.0 3 1583 Odds Ratio (IV, Random,
95% CI)

2.77 [1.78, 4.31]

28.2 Baseline HbA1c >= 9.0 8 525 Odds Ratio (IV, Random,
95% CI)

1.17 [0.66, 2.08]

29 Ketoacidosis 9 1924 Peto Odds Ratio (Peto,
Fixed, 95% CI)

1.33 [0.95, 1.86]

30 Ketoacidosis, CSII 3 96 Peto Odds Ratio (Peto,
Fixed, 95% CI)

4.93 [1.18, 20.60]

31 Ketoacidosis, MI 4 332 Peto Odds Ratio (Peto,
Fixed, 95% CI)

0.62 [0.11, 3.67]

32 Ketoacidosis, MI or CSII 3 1511 Peto Odds Ratio (Peto,
Fixed, 95% CI)

1.28 [0.90, 1.82]

33 All-cause mortality 10 2039 Peto Odds Ratio (Peto,
Fixed, 95% CI)

1.02 [0.48, 2.19]

 
 

Analysis 1.1.   Comparison 1 Intensive glucose control versus conventional glucose control, Outcome 1 Retinopathy.

Study or subgroup Intensive Conventional Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

DCCT1 1993 23/348 91/378 19.24% 0.27[0.18,0.42]

DCCT2 1993 77/363 143/352 21.53% 0.52[0.41,0.66]

Holman 1983 6/34 2/32 7.1% 2.82[0.61,12.98]

Linn 1996 0/23 1/19 2.2% 0.28[0.01,6.45]

Oslo 1987 15/28 12/15 19.32% 0.67[0.44,1.03]

Steno 1 1983 11/15 5/15 14.43% 2.2[1.01,4.79]

Favours intensive 1000.01 100.1 1 Favours conventional
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Study or subgroup Intensive Conventional Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

Verrillo 1988 8/18 11/20 16.19% 0.81[0.42,1.55]

   

Total (95% CI) 829 831 100% 0.71[0.44,1.16]

Total events: 140 (Intensive), 265 (Conventional)  

Heterogeneity: Tau2=0.28; Chi2=28.99, df=6(P<0.0001); I2=79.3%  

Test for overall effect: Z=1.36(P=0.17)  

Favours intensive 1000.01 100.1 1 Favours conventional

 
 

Analysis 1.2.   Comparison 1 Intensive glucose control versus
conventional glucose control, Outcome 2 Manifestation of retinopathy.

Study or subgroup Intensive Conventional Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

DCCT1 1993 23/348 91/378 98.13% 0.27[0.18,0.42]

Linn 1996 0/23 1/19 1.87% 0.28[0.01,6.45]

   

Total (95% CI) 371 397 100% 0.27[0.18,0.42]

Total events: 23 (Intensive), 92 (Conventional)  

Heterogeneity: Tau2=0; Chi2=0, df=1(P=0.99); I2=0%  

Test for overall effect: Z=5.9(P<0.0001)  

Favours intensive 2000.005 100.1 1 Favours conventional

 
 

Analysis 1.3.   Comparison 1 Intensive glucose control versus conventional
glucose control, Outcome 3 Progression of retinopathy, random e>ects model.

Study or subgroup Intensive Conventional Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

DCCT2 1993 77/348 143/378 34.16% 0.58[0.46,0.74]

Holman 1983 6/34 2/32 13.52% 2.82[0.61,12.98]

Steno 1 1983 11/15 5/15 24.94% 2.2[1.01,4.79]

Verrillo 1988 8/18 11/20 27.38% 0.81[0.42,1.55]

   

Total (95% CI) 415 445 100% 1.1[0.54,2.24]

Total events: 102 (Intensive), 161 (Conventional)  

Heterogeneity: Tau2=0.37; Chi2=13.92, df=3(P=0); I2=78.45%  

Test for overall effect: Z=0.26(P=0.79)  

Favours intensive 1000.01 100.1 1 Favours conventional

 
 

Analysis 1.4.   Comparison 1 Intensive glucose control versus conventional glucose control,
Outcome 4 Progression of retinopathy, random e>ects model, all studies, Steno 1 aRer 2 years.

Study or subgroup Intensive Conventional Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

DCCT2 1993 77/348 143/378 52.42% 0.58[0.46,0.74]

Favours intensive 1000.01 100.1 1 Favours conventional
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Study or subgroup Intensive Conventional Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

Holman 1983 6/34 2/32 5.54% 2.82[0.61,12.98]

Steno 1 1983 6/15 10/14 19.93% 0.56[0.28,1.13]

Verrillo 1988 8/18 11/20 22.11% 0.81[0.42,1.55]

   

Total (95% CI) 415 444 100% 0.68[0.47,0.99]

Total events: 97 (Intensive), 166 (Conventional)  

Heterogeneity: Tau2=0.06; Chi2=4.74, df=3(P=0.19); I2=36.77%  

Test for overall effect: Z=2.02(P=0.04)  

Favours intensive 1000.01 100.1 1 Favours conventional

 
 

Analysis 1.5.   Comparison 1 Intensive glucose control versus conventional glucose control,
Outcome 5 Progression of retinopathy, random e>ects model, stratified by follow-up duration.

Study or subgroup Intensive Conventional Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

1.5.1 Follow-up duration >= 2 years  

DCCT2 1993 77/348 143/378 34.16% 0.58[0.46,0.74]

Verrillo 1988 8/18 11/20 27.38% 0.81[0.42,1.55]

Subtotal (95% CI) 366 398 61.54% 0.61[0.49,0.76]

Total events: 85 (Intensive), 154 (Conventional)  

Heterogeneity: Tau2=0; Chi2=0.84, df=1(P=0.36); I2=0%  

Test for overall effect: Z=4.41(P<0.0001)  

   

1.5.2 Follow-up duration < 2 years  

Holman 1983 6/34 2/32 13.52% 2.82[0.61,12.98]

Steno 1 1983 11/15 5/15 24.94% 2.2[1.01,4.79]

Subtotal (95% CI) 49 47 38.46% 2.32[1.16,4.63]

Total events: 17 (Intensive), 7 (Conventional)  

Heterogeneity: Tau2=0; Chi2=0.08, df=1(P=0.78); I2=0%  

Test for overall effect: Z=2.38(P=0.02)  

   

Total (95% CI) 415 445 100% 1.1[0.54,2.24]

Total events: 102 (Intensive), 161 (Conventional)  

Heterogeneity: Tau2=0.37; Chi2=13.92, df=3(P=0); I2=78.45%  

Test for overall effect: Z=0.26(P=0.79)  

Test for subgroup differences: Chi2=13, df=1 (P=0), I2=92.31%  

Favours intensive 1000.01 100.1 1 Favours conventional

 
 

Analysis 1.6.   Comparison 1 Intensive glucose control versus conventional glucose control,
Outcome 6 Progression of retinopathy, fixed-e>ect model, stratified by follow-up duration.

Study or subgroup Intensive Conventional Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.6.1 Follow-up duration > 1 year  

DCCT2 1993 77/348 143/378 88.69% 0.58[0.46,0.74]

Verrillo 1988 8/18 11/20 6.74% 0.81[0.42,1.55]

Subtotal (95% CI) 366 398 95.43% 0.6[0.48,0.75]

Favours intensive 1000.01 100.1 1 Favours conventional
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Study or subgroup Intensive Conventional Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 85 (Intensive), 154 (Conventional)  

Heterogeneity: Tau2=0; Chi2=0.85, df=1(P=0.36); I2=0%  

Test for overall effect: Z=4.49(P<0.0001)  

   

1.6.2 Follow-up duration <= 1 year  

Holman 1983 6/34 2/32 1.33% 2.82[0.61,12.98]

Steno 1 1983 11/15 5/15 3.23% 2.2[1.01,4.79]

Subtotal (95% CI) 49 47 4.57% 2.38[1.16,4.88]

Total events: 17 (Intensive), 7 (Conventional)  

Heterogeneity: Tau2=0; Chi2=0.09, df=1(P=0.77); I2=0%  

Test for overall effect: Z=2.37(P=0.02)  

   

Total (95% CI) 415 445 100% 0.68[0.55,0.84]

Total events: 102 (Intensive), 161 (Conventional)  

Heterogeneity: Tau2=0; Chi2=13.93, df=3(P=0); I2=78.46%  

Test for overall effect: Z=3.6(P=0)  

Test for subgroup differences: Chi2=12.91, df=1 (P=0), I2=92.25%  

Favours intensive 1000.01 100.1 1 Favours conventional

 
 

Analysis 1.7.   Comparison 1 Intensive glucose control versus conventional glucose control,
Outcome 7 Progression of retinopathy, random e>ects model, stratified by follow-up duration, OR.

Study or subgroup Intensive Conventional Odds Ratio Weight Odds Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

1.7.1 Follow-up duration > 1 year  

DCCT2 1993 77/348 143/378 33.35% 0.47[0.34,0.65]

Verrillo 1988 8/18 11/20 24.61% 0.65[0.18,2.36]

Subtotal (95% CI) 366 398 57.96% 0.48[0.35,0.65]

Total events: 85 (Intensive), 154 (Conventional)  

Heterogeneity: Tau2=0; Chi2=0.25, df=1(P=0.62); I2=0%  

Test for overall effect: Z=4.58(P<0.0001)  

   

1.7.2 Follow-up duration <= 1 year  

Holman 1983 6/34 2/32 20.46% 3.21[0.6,17.27]

Steno 1 1983 11/15 5/15 21.58% 5.5[1.15,26.41]

Subtotal (95% CI) 49 47 42.04% 4.28[1.36,13.49]

Total events: 17 (Intensive), 7 (Conventional)  

Heterogeneity: Tau2=0; Chi2=0.21, df=1(P=0.65); I2=0%  

Test for overall effect: Z=2.49(P=0.01)  

   

Total (95% CI) 415 445 100% 1.28[0.39,4.26]

Total events: 102 (Intensive), 161 (Conventional)  

Heterogeneity: Tau2=1.1; Chi2=13.53, df=3(P=0); I2=77.83%  

Test for overall effect: Z=0.41(P=0.68)  

Test for subgroup differences: Chi2=13.07, df=1 (P=0), I2=92.35%  

Favours intensive 1000.01 100.1 1 Favours conventional
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Analysis 1.8.   Comparison 1 Intensive glucose control versus conventional glucose
control, Outcome 8 Manifestation of nephropathy, random-e>ects model, RR.

Study or subgroup Intensive Conventional Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

DCCT1 1993 41/346 67/378 29.71% 0.67[0.47,0.96]

DCCT2 1993 77/363 143/352 69.76% 0.52[0.41,0.66]

Oslo 1987 1/23 1/13 0.53% 0.57[0.04,8.3]

   

Total (95% CI) 732 743 100% 0.56[0.46,0.68]

Total events: 119 (Intensive), 211 (Conventional)  

Heterogeneity: Tau2=0; Chi2=1.27, df=2(P=0.53); I2=0%  

Test for overall effect: Z=5.75(P<0.0001)  

Favours intensive 1000.01 100.1 1 Favours conventional

 
 

Analysis 1.9.   Comparison 1 Intensive glucose control versus conventional glucose control,
Outcome 9 Manifestation of nephropathy, random-e>ects model, alternative measure in Oslo 1987.

Study or subgroup Intensive Conventional Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

DCCT1 1993 41/346 67/378 28.51% 0.67[0.47,0.96]

DCCT2 1993 77/363 143/352 66.96% 0.52[0.41,0.66]

Oslo 1987 6/23 6/13 4.52% 0.57[0.23,1.4]

   

Total (95% CI) 732 743 100% 0.56[0.46,0.68]

Total events: 124 (Intensive), 216 (Conventional)  

Heterogeneity: Tau2=0; Chi2=1.27, df=2(P=0.53); I2=0%  

Test for overall effect: Z=5.87(P<0.0001)  

Favours intensive 1000.01 100.1 1 Favours conventional

 
 

Analysis 1.10.   Comparison 1 Intensive glucose control versus conventional
glucose control, Outcome 10 Manifestation of nephropathy, fixed-e>ect model, RR.

Study or subgroup Intensive Conventional Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

DCCT1 1993 41/346 67/378 29.52% 0.67[0.47,0.96]

DCCT2 1993 77/363 143/352 66.94% 0.52[0.41,0.66]

Oslo 1987 6/23 6/13 3.53% 0.57[0.23,1.4]

   

Total (95% CI) 732 743 100% 0.57[0.47,0.69]

Total events: 124 (Intensive), 216 (Conventional)  

Heterogeneity: Tau2=0; Chi2=1.28, df=2(P=0.53); I2=0%  

Test for overall effect: Z=5.77(P<0.0001)  

Favours intensive 1000.01 100.1 1 Favours conventional
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Analysis 1.11.   Comparison 1 Intensive glucose control versus conventional glucose
control, Outcome 11 Manifestation of nephropathy, random-e>ects model, OR.

Study or subgroup Intensive Conventional Odds Ratio Weight Odds Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

DCCT1 1993 41/346 67/378 41.08% 0.62[0.41,0.95]

DCCT2 1993 77/363 143/352 53.4% 0.39[0.28,0.55]

Oslo 1987 6/23 6/13 5.53% 0.41[0.1,1.73]

   

Total (95% CI) 732 743 100% 0.48[0.34,0.67]

Total events: 124 (Intensive), 216 (Conventional)  

Heterogeneity: Tau2=0.03; Chi2=2.9, df=2(P=0.23); I2=31.05%  

Test for overall effect: Z=4.19(P<0.0001)  

Favours intensive 1000.01 100.1 1 Favours conventional

 
 

Analysis 1.12.   Comparison 1 Intensive glucose control versus conventional glucose
control, Outcome 12 Progression of nephropathy, random-e>ects model, RR.

Study or subgroup Intensive Conventional Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

DCCT2 1993 8/38 8/35 52.2% 0.92[0.39,2.19]

MCSG 1995 6/36 6/34 40.82% 0.94[0.34,2.65]

Steno 2 1986 0/18 5/18 6.98% 0.09[0.01,1.53]

   

Total (95% CI) 92 87 100% 0.79[0.37,1.7]

Total events: 14 (Intensive), 19 (Conventional)  

Heterogeneity: Tau2=0.1; Chi2=2.47, df=2(P=0.29); I2=19.06%  

Test for overall effect: Z=0.6(P=0.55)  

Favours intensive 10000.001 100.1 1 Favours conventional

 
 

Analysis 1.13.   Comparison 1 Intensive glucose control versus conventional
glucose control, Outcome 13 Progression of nephropathy, fixed-e>ect model, RR.

Study or subgroup Intensive Conventional Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

DCCT2 1993 8/38 8/35 41.64% 0.92[0.39,2.19]

MCSG 1995 6/36 6/34 30.86% 0.94[0.34,2.65]

Steno 2 1986 0/18 5/18 27.5% 0.09[0.01,1.53]

   

Total (95% CI) 92 87 100% 0.7[0.38,1.3]

Total events: 14 (Intensive), 19 (Conventional)  

Heterogeneity: Tau2=0; Chi2=2.72, df=2(P=0.26); I2=26.4%  

Test for overall effect: Z=1.13(P=0.26)  
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Analysis 1.14.   Comparison 1 Intensive glucose control versus conventional glucose
control, Outcome 14 Progression of nephropathy, random-e>ects model, OR.

Study or subgroup Intensive Conventional Odds Ratio Weight Odds Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

DCCT2 1993 8/38 8/35 47.94% 0.9[0.3,2.73]

MCSG 1995 6/36 6/34 41.7% 0.93[0.27,3.24]

Steno 2 1986 0/18 5/18 10.36% 0.07[0,1.3]

   

Total (95% CI) 92 87 100% 0.7[0.26,1.91]

Total events: 14 (Intensive), 19 (Conventional)  

Heterogeneity: Tau2=0.23; Chi2=2.77, df=2(P=0.25); I2=27.76%  

Test for overall effect: Z=0.7(P=0.48)  

Favours intensive 10000.001 100.1 1 Favours conventional

 
 

Analysis 1.15.   Comparison 1 Intensive glucose control versus conventional glucose
control, Outcome 15 Manifestation of neuropathy, random-e>ects model, RR.

Study or subgroup Intensive Conventional Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

DCCT1 1993 7/248 28/291 25.05% 0.29[0.13,0.66]

DCCT2 1993 21/315 52/307 70.94% 0.39[0.24,0.64]

Linn 1996 1/23 6/19 4% 0.14[0.02,1.05]

   

Total (95% CI) 586 617 100% 0.35[0.23,0.53]

Total events: 29 (Intensive), 86 (Conventional)  

Heterogeneity: Tau2=0; Chi2=1.22, df=2(P=0.54); I2=0%  

Test for overall effect: Z=5.06(P<0.0001)  

Favours intensive 1000.01 100.1 1 Favours conventional

 
 

Analysis 1.16.   Comparison 1 Intensive glucose control versus conventional
glucose control, Outcome 16 Manifestation of neuropathy, fixed-e>ect model, RR.

Study or subgroup Intensive Conventional Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

DCCT1 1993 7/248 28/291 30.31% 0.29[0.13,0.66]

DCCT2 1993 21/315 52/307 61.96% 0.39[0.24,0.64]

Linn 1996 1/23 6/19 7.73% 0.14[0.02,1.05]

   

Total (95% CI) 586 617 100% 0.34[0.23,0.51]

Total events: 29 (Intensive), 86 (Conventional)  

Heterogeneity: Tau2=0; Chi2=1.23, df=2(P=0.54); I2=0%  

Test for overall effect: Z=5.18(P<0.0001)  
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Analysis 1.17.   Comparison 1 Intensive glucose control versus conventional glucose
control, Outcome 17 Manifestation of neuropathy, random-e>ects model, OR.

Study or subgroup Intensive Conventional Odds Ratio Weight Odds Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

DCCT1 1993 7/248 28/291 27.33% 0.27[0.12,0.64]

DCCT2 1993 21/315 52/307 68.72% 0.35[0.21,0.6]

Linn 1996 1/23 6/19 3.95% 0.1[0.01,0.91]

   

Total (95% CI) 586 617 100% 0.31[0.2,0.48]

Total events: 29 (Intensive), 86 (Conventional)  

Heterogeneity: Tau2=0; Chi2=1.31, df=2(P=0.52); I2=0%  

Test for overall effect: Z=5.17(P<0.0001)  

Favours intensive 1000.01 100.1 1 Favours conventional

 
 

Analysis 1.18.   Comparison 1 Intensive glucose control versus conventional
glucose control, Outcome 18 Severe hypoglycaemia, random-e>ects model, RR.

Study or subgroup Intensive Conventional Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

Bucharest-Düsseldorf 1984 12/98 5/92 5.09% 2.25[0.83,6.15]

DCCT1 1993 207/348 105/378 27.66% 2.14[1.78,2.57]

DCCT2 1993 252/363 150/352 29.63% 1.63[1.42,1.87]

Holman 1983 1/36 1/38 0.79% 1.06[0.07,16.25]

Linn 1996 0/23 0/19   Not estimable

MCSG 1995 5/36 5/34 4.04% 0.94[0.3,2.98]

Oslo 1987 8/30 7/15 7.31% 0.57[0.26,1.28]

Steno 1 1983 3/15 2/15 2.11% 1.5[0.29,7.73]

Steno 2 1986 5/18 5/18 4.68% 1[0.35,2.87]

Verrillo 1988 2/18 1/20 1.09% 2.22[0.22,22.49]

Wysocki 2003 32/72 26/70 17.59% 1.2[0.8,1.78]

   

Total (95% CI) 1057 1051 100% 1.5[1.17,1.91]

Total events: 527 (Intensive), 307 (Conventional)  

Heterogeneity: Tau2=0.05; Chi2=18.92, df=9(P=0.03); I2=52.42%  

Test for overall effect: Z=3.2(P=0)  

Favours intensive 1000.01 100.1 1 Favours conventional

 
 

Analysis 1.19.   Comparison 1 Intensive glucose control versus conventional
glucose control, Outcome 19 Severe hypoglycaemia, assistance of other person.

Study or subgroup Intensive Conventional Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

DCCT1 1993 207/348 105/378 35.62% 2.14[1.78,2.57]

DCCT2 1993 252/363 150/352 38.66% 1.63[1.42,1.87]

MCSG 1995 5/36 5/34 4.5% 0.94[0.3,2.98]

Wysocki 2003 32/72 26/70 21.23% 1.2[0.8,1.78]

   

Total (95% CI) 819 834 100% 1.64[1.27,2.12]

Favours intensive 1000.01 100.1 1 Favours conventional
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Study or subgroup Intensive Conventional Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

Total events: 496 (Intensive), 286 (Conventional)  

Heterogeneity: Tau2=0.04; Chi2=10.2, df=3(P=0.02); I2=70.59%  

Test for overall effect: Z=3.78(P=0)  

Favours intensive 1000.01 100.1 1 Favours conventional

 
 

Analysis 1.20.   Comparison 1 Intensive glucose control versus conventional
glucose control, Outcome 20 Severe hypoglycaemia, coma or hospital admission.

Study or subgroup Intensive Conventional Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

Bucharest-Düsseldorf 1984 12/98 5/92 11.83% 2.25[0.83,6.15]

DCCT1 1993 122/348 49/378 29.78% 2.7[2.01,3.64]

DCCT2 1993 149/363 88/352 31.93% 1.64[1.32,2.04]

Holman 1983 1/36 1/38 2.25% 1.06[0.07,16.25]

Oslo 1987 8/30 7/15 15.52% 0.57[0.26,1.28]

Steno 1 1983 3/15 2/15 5.62% 1.5[0.29,7.73]

Verrillo 1988 2/18 1/20 3.07% 2.22[0.22,22.49]

   

Total (95% CI) 908 910 100% 1.67[1.09,2.55]

Total events: 297 (Intensive), 153 (Conventional)  

Heterogeneity: Tau2=0.13; Chi2=16.01, df=6(P=0.01); I2=62.51%  

Test for overall effect: Z=2.37(P=0.02)  

Favours intensive 1000.01 100.1 1 Favours conventional

 
 

Analysis 1.21.   Comparison 1 Intensive glucose control versus conventional glucose
control, Outcome 21 Severe hypoglycaemia, random-e>ects model, RR, without DCCT.

Study or subgroup Intensive Conventional Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

Bucharest-Düsseldorf 1984 12/98 5/92 8.89% 2.25[0.83,6.15]

Holman 1983 1/36 1/38 1.2% 1.06[0.07,16.25]

Linn 1996 0/23 0/19   Not estimable

MCSG 1995 5/36 5/34 6.8% 0.94[0.3,2.98]

Oslo 1987 8/30 7/15 13.89% 0.57[0.26,1.28]

Steno 1 1983 3/15 2/15 3.33% 1.5[0.29,7.73]

Steno 2 1986 5/18 5/18 8.07% 1[0.35,2.87]

Verrillo 1988 2/18 1/20 1.67% 2.22[0.22,22.49]

Wysocki 2003 32/72 26/70 56.14% 1.2[0.8,1.78]

   

Total (95% CI) 346 321 100% 1.13[0.83,1.52]

Total events: 68 (Intensive), 52 (Conventional)  

Heterogeneity: Tau2=0; Chi2=5.25, df=7(P=0.63); I2=0%  

Test for overall effect: Z=0.78(P=0.44)  

Favours intensive 1000.01 100.1 1 Favours conventional
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Analysis 1.22.   Comparison 1 Intensive glucose control versus conventional
glucose control, Outcome 22 Severe hypoglycaemia, stratified by baseline HbA1c.

Study or subgroup Intensive Conventional Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

1.22.1 Baseline HbA1c < 9.0  

DCCT1 1993 207/348 105/378 27.66% 2.14[1.78,2.57]

DCCT2 1993 252/363 150/352 29.63% 1.63[1.42,1.87]

Wysocki 2003 32/72 26/70 17.59% 1.2[0.8,1.78]

Subtotal (95% CI) 783 800 74.88% 1.68[1.29,2.19]

Total events: 491 (Intensive), 281 (Conventional)  

Heterogeneity: Tau2=0.04; Chi2=9.11, df=2(P=0.01); I2=78.04%  

Test for overall effect: Z=3.87(P=0)  

   

1.22.2 Baseline HbA1c >= 9.0  

Bucharest-Düsseldorf 1984 12/98 5/92 5.09% 2.25[0.83,6.15]

Holman 1983 1/36 1/38 0.79% 1.06[0.07,16.25]

Linn 1996 0/23 0/19   Not estimable

MCSG 1995 5/36 5/34 4.04% 0.94[0.3,2.98]

Oslo 1987 8/30 7/15 7.31% 0.57[0.26,1.28]

Steno 1 1983 3/15 2/15 2.11% 1.5[0.29,7.73]

Steno 2 1986 5/18 5/18 4.68% 1[0.35,2.87]

Verrillo 1988 2/18 1/20 1.09% 2.22[0.22,22.49]

Subtotal (95% CI) 274 251 25.12% 1.04[0.66,1.64]

Total events: 36 (Intensive), 26 (Conventional)  

Heterogeneity: Tau2=0; Chi2=5.05, df=6(P=0.54); I2=0%  

Test for overall effect: Z=0.18(P=0.86)  

   

Total (95% CI) 1057 1051 100% 1.5[1.17,1.91]

Total events: 527 (Intensive), 307 (Conventional)  

Heterogeneity: Tau2=0.05; Chi2=18.92, df=9(P=0.03); I2=52.42%  

Test for overall effect: Z=3.2(P=0)  

Test for subgroup differences: Chi2=3.23, df=1 (P=0.07), I2=69.04%  

Favours intensive 1000.01 100.1 1 Favours conventional

 
 

Analysis 1.23.   Comparison 1 Intensive glucose control versus conventional glucose control,
Outcome 23 Severe hypoglycaemia, random-e>ects model, RR, without Bucharest-Düsseldorf.

Study or subgroup Intensive Conventional Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

DCCT1 1993 207/348 105/378 28.63% 2.14[1.78,2.57]

DCCT2 1993 252/363 150/352 30.5% 1.63[1.42,1.87]

Holman 1983 1/36 1/38 0.89% 1.06[0.07,16.25]

Linn 1996 0/23 0/19   Not estimable

MCSG 1995 5/36 5/34 4.47% 0.94[0.3,2.98]

Oslo 1987 8/30 7/15 8.02% 0.57[0.26,1.28]

Steno 1 1983 3/15 2/15 2.35% 1.5[0.29,7.73]

Steno 2 1986 5/18 5/18 5.18% 1[0.35,2.87]

Verrillo 1988 2/18 1/20 1.22% 2.22[0.22,22.49]

Wysocki 2003 32/72 26/70 18.73% 1.2[0.8,1.78]

   

Total (95% CI) 959 959 100% 1.45[1.12,1.88]

Favours intensive 1000.01 100.1 1 Favours conventional
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Study or subgroup Intensive Conventional Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

Total events: 515 (Intensive), 302 (Conventional)  

Heterogeneity: Tau2=0.05; Chi2=18.61, df=8(P=0.02); I2=57.01%  

Test for overall effect: Z=2.8(P=0.01)  

Favours intensive 1000.01 100.1 1 Favours conventional

 
 

Analysis 1.24.   Comparison 1 Intensive glucose control versus conventional glucose control, Outcome
24 Severe hypoglycaemia, random-e>ects model, RR, without DCCT and Bucharest-Düsseldorf.

Study or subgroup Intensive Conventional Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

Holman 1983 1/36 1/38 1.32% 1.06[0.07,16.25]

Linn 1996 0/23 0/19   Not estimable

MCSG 1995 5/36 5/34 7.47% 0.94[0.3,2.98]

Oslo 1987 8/30 7/15 15.25% 0.57[0.26,1.28]

Steno 1 1983 3/15 2/15 3.66% 1.5[0.29,7.73]

Steno 2 1986 5/18 5/18 8.86% 1[0.35,2.87]

Verrillo 1988 2/18 1/20 1.84% 2.22[0.22,22.49]

Wysocki 2003 32/72 26/70 61.62% 1.2[0.8,1.78]

   

Total (95% CI) 248 229 100% 1.05[0.77,1.44]

Total events: 56 (Intensive), 47 (Conventional)  

Heterogeneity: Tau2=0; Chi2=3.24, df=6(P=0.78); I2=0%  

Test for overall effect: Z=0.32(P=0.75)  

Favours intensive 1000.01 100.1 1 Favours conventional

 
 

Analysis 1.25.   Comparison 1 Intensive glucose control versus conventional glucose control,
Outcome 25 Severe hypoglycaemia, stratified by baseline HbA1c, without Bucharest-Düsseldorf.

Study or subgroup Intensive Conventional Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

1.25.1 Baseline HbA1c < 9.0  

DCCT1 1993 207/348 105/378 28.63% 2.14[1.78,2.57]

DCCT2 1993 252/363 150/352 30.5% 1.63[1.42,1.87]

Wysocki 2003 32/72 26/70 18.73% 1.2[0.8,1.78]

Subtotal (95% CI) 783 800 77.86% 1.68[1.29,2.19]

Total events: 491 (Intensive), 281 (Conventional)  

Heterogeneity: Tau2=0.04; Chi2=9.11, df=2(P=0.01); I2=78.04%  

Test for overall effect: Z=3.87(P=0)  

   

1.25.2 Baseline HbA1c >= 9.0  

Holman 1983 1/36 1/38 0.89% 1.06[0.07,16.25]

Linn 1996 0/23 0/19   Not estimable

MCSG 1995 5/36 5/34 4.47% 0.94[0.3,2.98]

Oslo 1987 8/30 7/15 8.02% 0.57[0.26,1.28]

Steno 1 1983 3/15 2/15 2.35% 1.5[0.29,7.73]

Steno 2 1986 5/18 5/18 5.18% 1[0.35,2.87]

Verrillo 1988 2/18 1/20 1.22% 2.22[0.22,22.49]

Favours intensive 1000.01 100.1 1 Favours conventional
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Study or subgroup Intensive Conventional Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

Subtotal (95% CI) 176 159 22.14% 0.86[0.52,1.42]

Total events: 24 (Intensive), 21 (Conventional)  

Heterogeneity: Tau2=0; Chi2=2.21, df=5(P=0.82); I2=0%  

Test for overall effect: Z=0.6(P=0.55)  

   

Total (95% CI) 959 959 100% 1.45[1.12,1.88]

Total events: 515 (Intensive), 302 (Conventional)  

Heterogeneity: Tau2=0.05; Chi2=18.61, df=8(P=0.02); I2=57.01%  

Test for overall effect: Z=2.8(P=0.01)  

Test for subgroup differences: Chi2=5.39, df=1 (P=0.02), I2=81.44%  

Favours intensive 1000.01 100.1 1 Favours conventional

 
 

Analysis 1.26.   Comparison 1 Intensive glucose control versus conventional glucose control,
Outcome 26 Severe hypoglycaemia, coma or hospital admission, without Bucharest-Düsseldorf.

Study or subgroup Intensive Conventional Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

DCCT1 1993 122/348 49/378 33% 2.7[2.01,3.64]

DCCT2 1993 149/363 88/352 35.06% 1.64[1.32,2.04]

Holman 1983 1/36 1/38 2.83% 1.06[0.07,16.25]

Oslo 1987 8/30 7/15 18.31% 0.57[0.26,1.28]

Steno 1 1983 3/15 2/15 6.95% 1.5[0.29,7.73]

Verrillo 1988 2/18 1/20 3.84% 2.22[0.22,22.49]

   

Total (95% CI) 810 818 100% 1.58[0.98,2.56]

Total events: 285 (Intensive), 148 (Conventional)  

Heterogeneity: Tau2=0.16; Chi2=15.86, df=5(P=0.01); I2=68.46%  

Test for overall effect: Z=1.88(P=0.06)  

Favours intensive 1000.01 100.1 1 Favours conventional

 
 

Analysis 1.27.   Comparison 1 Intensive glucose control versus conventional glucose control,
Outcome 27 Severe hypoglycaemia, stratified by baseline HbA1c, fixed-e>ect model.

Study or subgroup Intensive Conventional Risk Ratio Weight Risk Ratio

  n/N n/N IV, Fixed, 95% CI   IV, Fixed, 95% CI

1.27.1 Baseline HbA1c < 9.0  

DCCT1 1993 207/348 105/378 31.93% 2.14[1.78,2.57]

DCCT2 1993 252/363 150/352 55.98% 1.63[1.42,1.87]

Wysocki 2003 32/72 26/70 6.79% 1.2[0.8,1.78]

Subtotal (95% CI) 783 800 94.69% 1.75[1.57,1.94]

Total events: 491 (Intensive), 281 (Conventional)  

Heterogeneity: Tau2=0; Chi2=9.11, df=2(P=0.01); I2=78.04%  

Test for overall effect: Z=10.23(P<0.0001)  

   

1.27.2 Baseline HbA1c >= 9.0  

Bucharest-Düsseldorf 1984 12/98 5/92 1.08% 2.25[0.83,6.15]

Holman 1983 1/36 1/38 0.14% 1.06[0.07,16.25]

Favours intensive 1000.01 100.1 1 Favours conventional
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Study or subgroup Intensive Conventional Risk Ratio Weight Risk Ratio

  n/N n/N IV, Fixed, 95% CI   IV, Fixed, 95% CI

Linn 1996 0/23 0/19   Not estimable

MCSG 1995 5/36 5/34 0.82% 0.94[0.3,2.98]

Oslo 1987 8/30 7/15 1.68% 0.57[0.26,1.28]

Steno 1 1983 3/15 2/15 0.4% 1.5[0.29,7.73]

Steno 2 1986 5/18 5/18 0.98% 1[0.35,2.87]

Verrillo 1988 2/18 1/20 0.2% 2.22[0.22,22.49]

Subtotal (95% CI) 274 251 5.31% 1.04[0.66,1.64]

Total events: 36 (Intensive), 26 (Conventional)  

Heterogeneity: Tau2=0; Chi2=5.05, df=6(P=0.54); I2=0%  

Test for overall effect: Z=0.18(P=0.86)  

   

Total (95% CI) 1057 1051 100% 1.7[1.53,1.89]

Total events: 527 (Intensive), 307 (Conventional)  

Heterogeneity: Tau2=0; Chi2=18.92, df=9(P=0.03); I2=52.42%  

Test for overall effect: Z=9.99(P<0.0001)  

Test for subgroup differences: Chi2=4.76, df=1 (P=0.03), I2=78.98%  

Favours intensive 1000.01 100.1 1 Favours conventional

 
 

Analysis 1.28.   Comparison 1 Intensive glucose control versus conventional glucose
control, Outcome 28 Severe hypoglycaemia, stratified by baseline HbA1c, OR.

Study or subgroup Intensive Conventional Odds Ratio Weight Odds Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

1.28.1 Baseline HbA1c < 9.0  

DCCT1 1993 207/348 105/378 22.05% 3.82[2.8,5.21]

DCCT2 1993 252/363 150/352 22.1% 3.06[2.25,4.16]

Wysocki 2003 32/72 26/70 15.57% 1.35[0.69,2.65]

Subtotal (95% CI) 783 800 59.71% 2.77[1.78,4.31]

Total events: 491 (Intensive), 281 (Conventional)  

Heterogeneity: Tau2=0.11; Chi2=7.57, df=2(P=0.02); I2=73.58%  

Test for overall effect: Z=4.5(P<0.0001)  

   

1.28.2 Baseline HbA1c >= 9.0  

Bucharest-Düsseldorf 1984 12/98 5/92 9.72% 2.43[0.82,7.19]

Holman 1983 1/36 1/38 2.17% 1.06[0.06,17.56]

Linn 1996 0/23 0/19   Not estimable

MCSG 1995 5/36 5/34 7.37% 0.94[0.25,3.57]

Oslo 1987 8/30 7/15 7.7% 0.42[0.11,1.52]

Steno 1 1983 3/15 2/15 4.11% 1.63[0.23,11.46]

Steno 2 1986 5/18 5/18 6.52% 1[0.23,4.3]

Verrillo 1988 2/18 1/20 2.7% 2.38[0.2,28.67]

Subtotal (95% CI) 274 251 40.29% 1.17[0.66,2.08]

Total events: 36 (Intensive), 26 (Conventional)  

Heterogeneity: Tau2=0; Chi2=4.76, df=6(P=0.58); I2=0%  

Test for overall effect: Z=0.53(P=0.6)  

   

Total (95% CI) 1057 1051 100% 1.91[1.24,2.95]

Total events: 527 (Intensive), 307 (Conventional)  

Heterogeneity: Tau2=0.2; Chi2=22.27, df=9(P=0.01); I2=59.58%  

Favours intensive 1000.01 100.1 1 Favours conventional
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Study or subgroup Intensive Conventional Odds Ratio Weight Odds Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

Test for overall effect: Z=2.93(P=0)  

Test for subgroup differences: Chi2=5.42, df=1 (P=0.02), I2=81.55%  

Favours intensive 1000.01 100.1 1 Favours conventional

 
 

Analysis 1.29.   Comparison 1 Intensive glucose control versus
conventional glucose control, Outcome 29 Ketoacidosis.

Study or subgroup Intensive Conventional Peto Odds Ratio Weight Peto Odds Ratio

  n/N n/N Peto, Fixed, 95% CI   Peto, Fixed, 95% CI

Bucharest-Düsseldorf 1984 2/98 3/92 3.62% 0.62[0.11,3.67]

DCCT1 1993 38/348 37/378 49.81% 1.13[0.7,1.82]

DCCT2 1993 33/363 22/352 37.66% 1.49[0.86,2.58]

Holman 1983 0/36 0/38   Not estimable

MCSG 1995 3/36 2/34 3.49% 1.44[0.24,8.77]

Oslo 1987 2/30 0/15 1.29% 4.64[0.24,90.81]

Steno 1 1983 1/15 1/15 1.43% 1[0.06,16.79]

Steno 2 1986 4/18 0/18 2.71% 8.91[1.15,69.22]

Verrillo 1988 0/18 0/20   Not estimable

   

Total (95% CI) 962 962 100% 1.33[0.95,1.86]

Total events: 83 (Intensive), 65 (Conventional)  

Heterogeneity: Tau2=0; Chi2=5.35, df=6(P=0.5); I2=0%  

Test for overall effect: Z=1.66(P=0.1)  

Favours intensive 1000.01 100.1 1 Favours conventional

 
 

Analysis 1.30.   Comparison 1 Intensive glucose control versus
conventional glucose control, Outcome 30 Ketoacidosis, CSII.

Study or subgroup Intensive Conventional Peto Odds Ratio Weight Peto Odds Ratio

  n/N n/N Peto, Fixed, 95% CI   Peto, Fixed, 95% CI

Oslo 1987 2/15 0/15 25.68% 7.94[0.47,133.26]

Steno 1 1983 1/15 1/15 25.68% 1[0.06,16.79]

Steno 2 1986 4/18 0/18 48.64% 8.91[1.15,69.22]

   

Total (95% CI) 48 48 100% 4.93[1.18,20.6]

Total events: 7 (Intensive), 1 (Conventional)  

Heterogeneity: Tau2=0; Chi2=1.66, df=2(P=0.44); I2=0%  

Test for overall effect: Z=2.19(P=0.03)  

Favours intensive 2000.005 100.1 1 Favours conventional
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Analysis 1.31.   Comparison 1 Intensive glucose control versus
conventional glucose control, Outcome 31 Ketoacidosis, MI.

Study or subgroup Intensive Conventional Peto Odds Ratio Weight Peto Odds Ratio

  n/N n/N Peto, Fixed, 95% CI   Peto, Fixed, 95% CI

Bucharest-Düsseldorf 1984 2/98 3/92 100% 0.62[0.11,3.67]

Holman 1983 0/36 0/38   Not estimable

Oslo 1987 0/15 0/15   Not estimable

Verrillo 1988 0/18 0/20   Not estimable

   

Total (95% CI) 167 165 100% 0.62[0.11,3.67]

Total events: 2 (Intensive), 3 (Conventional)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.52(P=0.6)  

Favours intensive 5000.002 100.1 1 Favours conventional

 
 

Analysis 1.32.   Comparison 1 Intensive glucose control versus
conventional glucose control, Outcome 32 Ketoacidosis, MI or CSII.

Study or subgroup Intensive Conventional Peto Odds Ratio Weight Peto Odds Ratio

  n/N n/N Peto, Fixed, 95% CI   Peto, Fixed, 95% CI

DCCT1 1993 38/348 37/378 54.76% 1.13[0.7,1.82]

DCCT2 1993 33/363 22/352 41.4% 1.49[0.86,2.58]

MCSG 1995 3/36 2/34 3.83% 1.44[0.24,8.77]

   

Total (95% CI) 747 764 100% 1.28[0.9,1.82]

Total events: 74 (Intensive), 61 (Conventional)  

Heterogeneity: Tau2=0; Chi2=0.57, df=2(P=0.75); I2=0%  

Test for overall effect: Z=1.36(P=0.17)  

Favours intensive 1000.01 100.1 1 Favours conventional

 
 

Analysis 1.33.   Comparison 1 Intensive glucose control versus
conventional glucose control, Outcome 33 All-cause mortality.

Study or subgroup Intensive Conventional Peto Odds Ratio Weight Peto Odds Ratio

  n/N n/N Peto, Fixed, 95% CI   Peto, Fixed, 95% CI

Bucharest-Düsseldorf 1984 0/100 0/100   Not estimable

DCCT1 1993 2/348 2/378 14.89% 1.09[0.15,7.76]

DCCT2 1993 5/363 2/352 25.98% 2.3[0.52,10.19]

Holman 1983 1/36 1/38 7.38% 1.06[0.06,17.23]

MCSG 1995 0/36 1/34 3.74% 0.13[0,6.44]

MDCCT 1994 7/52 8/47 48.01% 0.76[0.25,2.27]

Oslo 1987 0/30 0/15   Not estimable

Steno 1 1983 0/15 0/15   Not estimable

Steno 2 1986 0/18 0/18   Not estimable

Verrillo 1988 0/22 0/22   Not estimable

   

Total (95% CI) 1020 1019 100% 1.02[0.48,2.19]

Total events: 15 (Intensive), 14 (Conventional)  

Favours intensive 10000.001 100.1 1 Favours conventional
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Study or subgroup Intensive Conventional Peto Odds Ratio Weight Peto Odds Ratio

  n/N n/N Peto, Fixed, 95% CI   Peto, Fixed, 95% CI

Heterogeneity: Tau2=0; Chi2=2.51, df=4(P=0.64); I2=0%  

Test for overall effect: Z=0.06(P=0.95)  

Favours intensive 10000.001 100.1 1 Favours conventional

 

 

A D D I T I O N A L   T A B L E S
 

Country Guideline Year HbA1c

Canada Canadian Diabetes Association (Canadian 2008) 2008 ≤ 7.0%

Germany Deutsche Diabetes GesellschaB (Martin 2007) 2007 < 7.0%

UK National Institute for Health and Clinical Excellence (NICE)
(NICE 2010)

2010 < 7.5% (in case of in-
creased arterial dis-
ease risk: < 6.5%)

USA American Association of Clinical Endocrinologists (AACE)
(Rodbard 2007)

2007 ≤ 6.5%

USA American Diabetes Association (ADA) (ADA 2010) 2010 < 7.0%

Table 1.   Glycaemic targets for type 1 diabetes mellitus in di>erent treatment guidelines 

HbA1c: glycosylated haemoglobin A1c
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Characteristic

Study ID

Intervention(s) and comparator Screened / el-
igible
[N]

Randomised
[N]

Safety
[N]

ITT
[N]

Finishing
study
[N]

Randomised
finishing
study
[%]

I: intensive therapy (group B) 100 100 100 98 98.0

C: basic (group C)

200

100 100 100 92 92.0

(1) Bucharest-Düs-
seldorf 1984

total: 200 200 200 190 95.0

I: intensive therapy 348 348 348 - -

C: conventional Therapy

-

378 378 378 - -

(2) DCCT1 (pri-
mary prevention)
1993

total: 726 726 726 -a -

I: intensive therapy 363 363 363 - -

C: conventional therapy

-

352 352 352 - -

(3) DCCT2 (sec-
ondary interven-
tion) 1993

total: 715 715 715 -a -a

I: intensive therapy 23 - - 23 -

C: conventional therapy

49

19 - - 19 --

(4) Linn 1996

total: 49b - - 42 85.7

I: intensive therapy 36 36 36 31 86.1

C: conventional therapy

-

34 34 34 31 91.2

(5) MSCG 1995

total: 70 70 70 62 88.6

I: intensive therapy 52 - - 25 48.1

C: conventional therapy

98

47 - - 23 48.9

(6) MDCCT 1994

total: 99 - - 48 48.5

(7) Holman 1983 I: intensive therapy (Group A) 82 36 36 36 35 97.2

Table 2.   Overview of study populations 
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7
9

C: conventional therapy (Group U) 38 38 38 34 89.5

total: 74 74 74 69 93.2

I1: intensive 1: multiple injections 15 15 15 13 86.7

I2: intensive 2: continuous insulin infusion 15 15 15 13 86.7

C: conventional

45

15 15 15 10 66.7

(8) Oslo 1987

total: 45 45 45 36 80

I: intensive therapy 15 15 15 15 100

C: conventional therapy

38

15 15 15 15 100

(9) Steno 1 1983

total: 30 30 30 30 100

I: intensive therapy 18 18 18 18 100

C: conventional therapy

49

18 18 18 18 100

(10) Steno 2 1986

total: 36 36 36 36 100

I: intensive therapy 22 22 22 18 81.8

C: conventional therapy

54

22 22 22 20 90.9

(11) Verrillo 1988

total: 44 44 44 38 86.4

I: intensive therapy 72 72 72 - -

C: conventional therapy

142

70 70 70 - -

(12) Wysocki 2003

total: 142 142 142 - -

All interventions 1115c

All c omparators 1108c

Grand total

All interventions and c omparators

 

2230c

 

Table 2.   Overview of study populations  (Continued)
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0

aIn the DCCT1 and DCCT2 combined, 1433 (99.4%) of 1441 patients finished the study
bForty-nine participants were randomised, authors only included data of 42 participants completing five years
cNumbers do not match exactly because of 'b'
C: comparator; I: intervention
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A P P E N D I C E S

Appendix 1. Search strategies

 

Search terms and databases

Unless otherwise stated, search terms are free text terms.

Abbreviations:

'$': stands for any character; '?': substitutes one or no character; adj: adjacent (i.e. number of words within range of search term); exp:
exploded MeSH; MeSH: medical subject heading (MEDLINE medical index term); pt: publication type; sh: MeSH; tw: text word.

The Cochrane Library

#1 MeSH descriptor Diabetes mellitus, type 1 explode all trees
#2 (IDDM in All Text or T1DM in All Text or T1D in All Text)
#3 ( ("insulin* depend*" in All Text or "insulindepend*" in All Text) and not ("non insulin* depend*" in All Text or "non insulinde-
pend*" in All Text) )
#4 ("typ? 1 diabet*" in All Text or "typ?1 diabet*" in All Text or "typ? I diabet*" in All Text or "typ?I diabet*" in All Text)
#5 (child* in All Text near/2 diabet* in All Text)
#6 (acidos* in All Text near/2 diabet* in All Text)
#7 (labil* in All Text near/2 diabet* in All Text)
#8 (britt* in All Text near/2 diabet* in All Text)
#9 (keto* in All Text near/2 diabet* in All Text)
#10 (juvenil* in All Text near/2 diabet* in All Text)
#11 (autoimmun* in All Text near/2 diabet* in All Text)
#12 (auto in All Text and (immun* in All Text near/2 diabet* in All Text) )
#13 (sudden in All Text and (onset in All Text near/2 diabet* in All Text) )
#14 (#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13)
#15 (intensiv* in All Text near/3 control* in All Text)
#16 (conventional* in All Text near/3 control* in All Text)
#17 (regular in All Text near/3 control* in All Text)
#18 (tight* in All Text near/3 control* in All Text)
#19 (usual in All Text near/3 control* in All Text)
#20 (routin* in All Text near/3 control* in All Text)
#21 (standard* in All Text near/3 control* in All Text)
#22 (intensiv in All Text near/3 therap* in All Text)
#23 (conventional* in All Text near/3 therap* in All Text)
#24 (regular in All Text near/3 therap* in All Text)
#25 (tight* in All Text near/3 therap* in All Text)
#26 (usual in All Text near/3 therap* in All Text)
#27 (routin* in All Text near/3 therap* in All Text)
#28 (standard* in All Text near/3 therap* in All Text)
#29 (intensiv* in All Text near/3 treatment* in All Text)
#30 (conventional* in All Text near/3 treatment* in All Text)
#31 (regular in All Text near/3 treatment* in All Text)
#32 (tight* in All Text near/3 treatment* in All Text)
#33 (usual in All Text near/3 treatment* in All Text)
#34 (routin* in All Text near/3 treatment* in All Text)
#35 (standard* in All Text near/3 treatment* in All Text)
#36 (intensiv* in All Text near/3 intervention* in All Text)
#37 (conventional in All Text near/3 intervention* in All Text)
#38 (regular in All Text near/3 intervention* in All Text)
#39 (tight* in All Text near/3 intervention* in All Text)
#40 (usual in All Text near/3 intervention* in All Text)
#41 (routin* in All Text near/3 intervention* in All Text)
#42 (standard* in All Text near/3 intervention* in All Text)
#43 (intensiv* in All Text near/3 management* in All Text)
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#44 (conventional* in All Text near/3 management* in All Text)
#45 (regular in All Text near/3 management* in All Text)
#46 (tight* in All Text near/3 management* in All Text)
#47 (usual in All Text near/3 management* in All Text)
#48 (routin* in All Text near/3 management* in All Text)
#49 (standard* in All Text near/3 management* in All Text)
#50 (#15 or #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or #24 or #25 or #26 or #27 or #28 or #29 or #30)
#51 (#31 or #32 or #33 or #34 or #35 or #36 or #37 or #38 or #39 or #40 or #41 or #42 or #43 or #44 or #45 or #46 or #47 or #48 or #49)
#52 (#50 or #51)
#53 (#14 and #52)

MEDLINE

1 exp Diabetes Mellitus, Type 1/

2 exp Diabetic Ketoacidosis/

3 (IDDM or T1DM or T1D).tw,ot.

4 (("insulin* depend*" or "insulin?depend*") not ("non-insulin* depend*" or "non insulindepend*")).tw,ot.

5 ("typ? 1 diabet*" or "typ? I diabet*" or "typ?1 diabet*" or "typ?I diabet*").tw,ot.

6 ((acidos* or juvenil* or child* or keto* or labil* or britt*) adj2 diabet*).tw,ot.

7 ((auto-immun* or autoimmun* or sudden onset) adj2 diabet*).tw,ot.

8 (insulin* defic* adj2 absolut*).tw,ot.

9 or/1-8

10 exp Diabetes Insipidus/

11 diabet* insipidus.tw,ot.

12 10 or 11

13 9 not 12

14 ((intensiv* or conventional* or regular or tight* or usual or routin* or standard) adj3 (control* or therap* or treatment* or interven-
tion* or management*)).tw,ot.

15 13 and 14

16 randomised controlled trial.pt.

17 controlled clinical trial.pt.

18 randomi?ed.ab.

19 placebo.ab.

20 drug therapy.fs.

21 randomly.ab.

22 trial.ab.

23 groups.ab.

24 or/16-23

25 Meta-analysis.pt.

26 exp Technology Assessment, Biomedical/
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27 exp Meta-analysis/

28 exp Meta-analysis as topic/

29 hta.tw,ot.

30 (health technology adj6 assessment$).tw,ot.

31 (meta analy$ or metaanaly$ or meta?analy$).tw,ot.

32 ((review$ or search$) adj10 (literature$ or medical database$ or medline or pubmed or embase or cochrane or cinahl or psycinfo
or psyclit or healthstar or biosis or current content$ or systemat$)).tw,ot.

33 or/25-32

34 24 or 33

35 (comment or editorial or historical-article).pt.

36 34 not 35

37 15 and 36

38 (animals not (animals and humans)).sh.

39 37 not 38

40 39 and 24 [Medline results for RCTs]

41 39 and 33 [Medline results for SRs]

EMBASE

1 exp insulin dependent diabetes mellitus/
2 exp diabetic ketoacidosis/
3 (IDDM or T1DM or T1D).tw,ot.
4 (("insulin* depend*" or "insulin?depend*") not ("non insulin* depend*" or "non insulin?depend*")).tw,ot.
5 (("typ? 1" or "typ? I" or "typ?1" or "typ?I") adj2 diabet*).tw,ot.
6 ((acidos* or juvenil* or child* or keto* or labil* or britt*) adj2 diabet*).tw,ot.
7 ((auto-immun* or autoimmun* or sudden onset) adj2 diabet*).tw,ot.
8 (insulin* defic* adj2 absolut*).tw,ot.
9 or/1-8
10 exp diabetes insipidus/
11 diabet* insipidus.tw,ot.
12 10 or 11
13 9 not 12
14 ((intensiv* or conventional* or regular or tight* or usual or routin* or standard*) adj3 (control* or therap* or treatment* or inter-
vention* or management*)).tw,ot.
15 13 and 14
16 exp Randomized Controlled Trial/
17 exp Controlled Clinical Trial/
18 exp Clinical Trial/
19 exp Comparative Study/
20 exp Drug comparison/
21 exp Randomization/
22 exp Crossover procedure/
23 exp Double blind procedure/
24 exp Single blind procedure/
25 exp Placebo/
26 exp Prospective Study/
27 ((clinical or control$ or comparativ$ or placebo$ or prospectiv$ or randomi?ed) adj3 (trial$ or stud$)).ab,ti.
28 (random$ adj6 (allocat$ or assign$ or basis or order$)).ab,ti.
29 ((singl$ or doubl$ or trebl$ or tripl$) adj6 (blind$ or mask$)).ab,ti.
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30 (cross over or crossover).ab,ti.
31 or/16-30
32 exp meta analysis/
33 (metaanaly$ or meta analy$ or meta?analy$).ab,ti,ot.
34 ((review$ or search$) adj10 (literature$ or medical database$ or medline or pubmed or embase or cochrane or cinahl or psycinfo
or psyclit or healthstar or biosis or current content$ or systematic$)).ab,ti,ot.
35 exp Literature/
36 exp Biomedical Technology Assessment/
37 hta.tw,ot.
38 (health technology adj6 assessment$).tw,ot.
39 or/32-38
40 31 or 39
41 (comment or editorial or historical-article).pt.
42 40 not 41
43 15 and 42
44 limit 43 to human

  (Continued)

 

Appendix 2. Description of interventions

 

Characteristic

Study ID

Intensive glucose control
[route, frequency, total dose/day]

Conventional glucose control
[route, frequency, total dose/day]

Bucharest-Düsseldorf
1984

• Glycaemic targets: preprandial: as normal as possible
(˜ 5.5 mmol/L / 99 mg/dL)

• 5 day patient training at beginning of study

• At least two insulin injections per day of mixed inter-
mediate and rapid insulin preparations

• 3-4 times daily preprandial and bedtime self-monitor-
ing of blood glucose or urine glucose concentrations

• Self-adaptation of insulin dosages to reach optimal
glycaemic control

• Glycaemic targets: aglucosuria without sig-
nificant hypoglycaemic episodes

• 4 day patient training at the beginning of
the study

• Twice daily injection of intermediate act-
ing insulin or a combination of intermedi-
ate and rapid acting insulin

• Self-monitoring of glucosuria and ace-
tonuria

• Self-adjustment of insulin dosages

DCCT 1&2 (primary
prevention and sec-
ondary intervention)
1993

• Glycaemic targets: HbA1c < 6.05%

• Preprandial: 3.9-6.7 mmol/L (70-120 mg/dL); post-
prandial: < 10 mmol/L (180 mg/dL); 3 am: > 3.6 mmol/
L (65 mg/dL)

• Administration of insulin three time or more per day by
injection or pump, adjustment of insulin dose accord-
ing to results of self-monitored blood glucose

• No specific glycaemic targets

• Goals: absence of symptoms attributable to
glycosuria or hyperglycaemia, absence of
ketonuria, normal growth & development,
ideal body weight, freedom from severe or
frequent hypoglycaemia

• One or two daily injections of insulin (in-
cluding mixed intermediate and rapid-act-
ing insulins), daily self-monitoring of urine
or blood glucose

Holman 1983 • Glycaemic targets: preprandial 4 - 7 mmol/L (72-126
mg/dL)

• Treated more intensively

• Dietary advice to maintain ideal body-weight and op-
timise control

• Patients were taught home blood glucose monitoring
and encouraged to test four times/day

• No glycaemic targets

• Continued their usual therapy and attend-
ed the routine diabetic clinic

MCSG 1995 • Glycaemic targets: HbA1c: ≤ 7.5% • No glycaemic targets
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• Fasting glucose: 4 - 6 mmol/L (72-108 mg/dL); two hour
postprandial: ≤ 10 mmol/L (180 mg/dL)

• Continuous subcutaneous infusion or multiple daily
injections regular seven point blood glucose profiles
and adjustment of treatment regimen in consultation
with the investigation team

• Two daily injections of insulin, including in-
termediate and short acting insulin

• Conventional education about diet, exer-
cise, and self-monitoring of blood glucose
values was given but targets were not set

MDCCT 1994 • Glycaemic targets: HbA1c < 7.0%

• Preprandial 3.3 – 8.3 mmol/L (60-150 mg/dL); 1h post-
prandial < 10 mmol/L (180 mg/dL)

• Urine free of glucose

• Insulin injections several times a day (usually a mixture
of beef/pork isophane insulin and crystalline regular
insulin before breakfast, crystalline regular insulin be-

fore supper, and isophane insulin at bedtimed) or sub-
cutaneous continuous insulin infusion

• Glycaemic targetsa: HbA1c < 14.0%

• No more than 60% of home glucose mea-
surements > 11.1 mmol/L (200 mg/dL), and
no more than 20% of measurements > 16.7
mmol/L (300 mg/dL),

• 24h urine < 50g glucose

• Subcutaneous insulin given once or twice
each day

• One daily injection of a mixture of isophane
insulin and crystalline regular insulin (100
U/mL, beef/pork) 30 minutes before break-

fastb,c

Linn 1996 • Glycaemic targets: HbA1c < 6.5%

• Preprandial < 6.8 mmol/L (122 mg/dL)

• Postprandial < 10 mmol/L (180 mg/dL)

• Administration of insulin at least three times daily by
injection; dosage adjusted by the patients or by health
care professionals according to the results of self-mon-
itoring of blood glucose, dietary intake, and anticipat-
ed exercise

• Glycaemic targets: absence of symptoms
attributable to glucosuria or hypergly-
caemia, and freedom from severe or fre-
quent hypoglycaemia

• One or two daily injections of insulin, in-
cluding mixed intermediate and rapid-act-
ing insulins and variable self-monitoring of
blood glucose

• Not always daily adjustments in the insulin
dosage

Oslo 1987 • Glycaemic targets: preprandial: 3-5 mmol/L (54-90 mg/
dL); postprandial (90min): 5-10 mmol/L (90-180 mg/
dL)

• Absence of symptomatic hypoglycaemia

• Continuous insulin infusion by insulin pump

• ˜ 50% of the daily insulin dose injected continuously,
the rest as bolus insulin 15 minutes before meals

• Multiple injections: NPH at bedtime, regular porcine
insulin 15-30 minutes before each meal (4-6 times dai-
ly)

• Glycaemic targets: preprandial 3-7 mmol/
L (54-126 mg/dL) while avoiding hypogly-
caemia

• Injections of NPH and regular porcine in-
sulin before breakfast and dinner

Steno 1 1983 • Glycaemic targets: postprandial < 9 mmol/L (162 mg/
dL), no glucosuria

• Continuous subcutaneous insulin infusion (CSII): using
the portable Mill Hill 1001HM

• Glycaemic targets: postprandial morning
blood glucose < 15 mmol/L (270 mg/dL);
24 urinary glucose excretion < 20g, no ke-
tonuria, no hypoglycaemic episodes

• Two daily injections of mixtures of interme-
diate- and short-acting insulin

Steno 2 1986 • Glycaemic targets: fasting: 4-7 mmol/L (70-130 mg/
dL); postprandial: 5-10 mmol/L (90-180 mg/dL) while
avoiding blood glucose level < 3 mmol/L (54 mg/dL)

• Short-acting insulin infusion at basal rates with bolus
injections

• Glycaemic targets: postprandial (morning):
< 15 mmol/L (270 mg/dL); 24h urinary glu-
cose excretion < 20g

• Continuation of pre-study insulin regimen

Wysocki 2003 4 • Glycaemic targets: HbA1c ≤ 6.5% • Glycaemic targets: HbA1c ≤ 8.0%
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• Preprandial: 3.9 - 6.7 mmol/L (70 – 120 mg/dL); post-
prandial: < 8.3 mmol/L (150 mg/dL); 3 am blood glu-
cose: > 3.6 mmol/L (65 mg/dL)

• At least three daily insulin injections or use of an insulin
pump

• At least four blood glucose tests daily

• Weekly telephone contact initiated by diabetes nurse,
services as needed from dietitian and psychologist,
monthly visits with diabetes nurse, quarterly visits
with endocrinologist; advanced diabetes education;
optional: monthly support group

• Preprandial: 3.9 - 7.8 mmol/L (70-140 mg/
dL); postprandial: < 10 mmol/L (180 mg/
dL); 3 am blood glucose > 3.6 mmol/L (65
mg/dL)

• 2-3 daily insulin injections

• 3-4 daily glucose tests

• Quarterly visits with endocrinologist, di-
abetes nurse, systematic diabetes educa-
tion; annual visit with dietitian and psychol-
ogist

Verrillo 1988 • Glycaemic targets: fasting: 4-8 mmol/L (72-144 mg/
dL); 2h-postprandial: < 10 mmol/L (180 mg/dL) while
avoiding < 3 mmol/L (54 mg/dL)

• Insulin administration three times daily (long-acting
insulin in the morning, short-acting insulin 15-30 min-
utes before lunch and dinner)

• Clinic visits every 4 weeks for the first year, and every 8
weeks for the other years

• Glycaemic targets: preprandial (morning) <
12 mmol/L (216 mg/dL); 24-h urinary glu-
cose excretion: < 20 g

• Less than twice daily insulin injections of in-
termediate-acting insulin, often mixed with
short-acting insulin

• Routine diabetic clinic visits

Footnotes

"-" denotes not reported

aSince 1980 the aim was to avoid HbA1c values ≥ 12%

bApproximately one third of the patients were treated with two injections of a mixture of isophane insulin and crystalline regular in-
sulin daily for extended periods to improve glycaemic control

cDuring the last five years of the study most patients switched to an insulin regimen using human insulin

dGlycaemic targets were relaxed for children who experienced ≥ 2 severe hypoglycaemic episodes within 6 months

HbA1c: glycated haemoglobin concentration; NPH: neutral protamine Hagedorn

  (Continued)
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Appendix 3. Baseline characteristics (I)

Character-
istic

Study ID

Intervention(s)
and compara-
tor(s)

Duration of
interven-
tion (dura-
tion of fol-
low-up)

Participating population Study peri-
od
[year to
year]

Country Setting Ethnic
groups
[%]

Duration of
disease
[mean/range
years (SD), or
as reported]

I: intensive
therapy

- Patients with
newly diag-
nosed diabetes:
13

Duration of dia-

betes: 6b

C: basic
therapy

1 yra Insulin-dependent
diabetic patients

1984-1986 Romania Diabetes unit of the
Bucharest University
Hospital

- Patients with
newly diag-
nosed diabetes:
10

Duration of dia-

betes: 5b

Bucharest- 
Düsseldorf
1984

          all: - 5 (-) / -

I: intensive
therapy

White: 96 3 (1)

C: conventional
therapy

6.5 (3-9cyr) Insulin-dependent
diabetic patients
without retinopathy
at baseline

1983-1993 USA and
Canada

Outpatient treat-
ment in 29 clinics

White: 96 3 (1)

DCCT1 1993
(primary
prevention)

          all:   3(1)

I: intensive
therapy

White: 97 9 (4)

C: conventional
therapy

6.5 (3-9cyr) Insulin-dependent
diabetic patients
with very-mild-to-
moderate non-
proliferative
retinopathy

1983-1993 USA and
Canada

Outpatient treat-
ment in 29 clinics

White: 97 9 (4)

DCCT2 1993
(secondary
prevention)

          all:   9(4)
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I: intensive
therapy

- 18 (5) 9-29

C: conventional
therapy

2 yr Insulin-dependent
diabetic patients

- England Diabetic clinics at
Oxford and Ayles-
bury

- 19 (7) 1-39

Holman
1983

          all:   19 (6) 1-39

I: intensive
therapy

- Newly diag-
nosed diabetes
type 1

C: conventional
therapy

5 yr Newly diagnosed insulin-de-
pendent
diabetic patients

Starting
year: 1988

Germany Medical Clinic III,
Justus Liebig Univ,
Giessen, Germany

   

Linn 1996

          all:    

I: intensive
therapy

- 21 (-) 6-35

C: conventional
therapy

2-8 yr

(median 5
yr)

European insulin
dependent diabetic
patients with
microalbuminuria

1984-1993 England,
Wales

Nine hospital

based specialist dia-
betes centres - 18 (-) 7-34

MCSG 1995

          all:   20 (-) 6-35

I: intensive thera-
py

White: 100 23 (6) 14-39

C: conventional
therapy

5 yr Patients with insulin-depen-
dent
type 1 diabetes
who had received
a renal allograft
as treatment for end-stage
diabetic nephropathy

1978-?d USA University of Min-
nesota

Hospital and Clinic
and the Clinical Re-
search Center and

Hennepin County
Medical Center, Min-
neapolis

  21 (5) 14-30

MDCCT
1994

          all:   22 (6) 14-39

I: intensive thera-
py, MI

43 mo (7-48) - 154 (81-250 mo)Oslo 1987

I: intensive thera-
py, CSII

47 mo
(24-48)

C peptide negative insulin
dependent diabetes pa-
tients

- Norway Patients from

various outpatient
clinics in the Oslo
area

- 153 (77-280 mo)

  (Continued)
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C: conventional
therapy

45 mo
(26-48)

- 152 (81-240 mo)

          all: - 153 (77-280 mo)

I: intensive
therapy

- 19f (11- 23)

C: conventional
therapy

1 yre Insulin-dependent diabetic
patients with background
retinopathy

- Denmark Steno Memorial

Hospital, outpatient
clinic - 19f (9-27

Steno 1
1983

          all:   19f (9-27)

Intensive therapy - 15a (10-26)

C: conventional
therapy

2 yr Insulin-dependent diabetic
patients with micro-

albuminuria

- Denmark Steno Memorial

Hospital, outpatient
clinic

- 15a (5-26)

Steno 2
1986

          all: - 15a (5-26)

I: intensive thera-
py

- 19 (5)

C: conventional
therapy

5 yr Patients with insulin-depen-
dent diabetes mellitus and
background retinopathy

- Italy Outpatient clinic in
Naples

- 21 (6)

Verrillo
1988

          all: - 20 (6)

I: intensive
therapy

White: 80
African:
American:
16
Hispanic: 2
Other: 2

5 (3)

C: conventional
therapy

18 mo School-aged children with
diabetes type 1

1997-2001 USA Nemours Children
Clinic, Florida

St. Louis Children’s
hospital, Missouri

White: 91
African:
American: 7
Hispanic: 0
Other: 2

5 (3)

Wysocki

2003 g

          all: White: 85
African:

5 (3)
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0

American:
13
Hispanic: 1
Other: 2

Footnotes

"-" denotes not reported

aTwo of the study arms were followed for two years, with one group switching to another treatment after one year; therefore, for this review only the first year of follow-up
was used

bMedian of those patients who were not newly diagnosed

cNumbers apply to the full DCCT population including primary prevention and secondary intervention cohorts

dAt least 1992

eStudy was extended by one more year, but patients were allowed to switch groups; although only one patient decided to change treatment, we included the results after
one year

fMedian

gInconsistent baseline data provided across different publications (Wysocki 2003)

BMI: body mass index; C: comparator; CSII: continuous subcutaneous insulin infusion; DCCT: 'Diabetes Control and Complications Trial'; HbA1c: glycosylated haemoglobin
A1c; I: intervention; MI: multiple daily injections; mo: month; SD: standard deviation; yr: year
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Appendix 4. Baseline characteristics (II)

Characteris-
tic

Study ID

Intervention(s) and
comparator(s)

Sex 
[female %]

Age 
[mean (SD)/ 
range years,
or as 
reported]

HbA1 /
HbA1c 
[mean % (SD
or range]

BMI 
[mean kg/m2
(SD)]

Co-medica-
tions/Co-in-
terventions

Co-morbidities

I: intensive
therapy

43 26 (10) 12.3 (0.2)h 21.8 (0.3)h - -

C: basic
therapy

46 26 (10) 11.7 (0.2)h 21.5 (0.2)h - -

Bucharest- 
Düsseldorf
1984

all: 45 26 (10)     - -

I: intensive
therapy

51 27 (7) 8.8 (1.6) Male: 24 (3)

Female: 23 (3)

- Clinical neuropathy: 4.9%
Autonomic neuropathy: 2.6%

C: conventional
therapy

46 26 (8) 8.8 (1.7) Male: 23 (3)

Female: 23 (3)

- Clinical neuropathy: 2.1%

Autonomic neuropathy: 2.4%

DCCT1 1993
(primary pre-
vention)

all: 48 26 (7) 8.8 (1.7) Male: 24 (3)

Female: 23 (3)

- Clinical neuropathy: 3.5%

Autonomic neuropathy: 2.5%

I: intensive
therapy

47 27 (7) 9.0 (1.5) Male: 23 (3)

Female: 24 (3)

- Clinical neuropathy: 9.4%

Autonomic neuropathy: 5.3%

Retinopathy:

Microaneurysms only: 67%

Mild: 18%

Moderate: 15%

DCCT2 1993
(secondary
prevention)

C: conventional
therapy

46 27 (7) 8.9 (1.5) Male: 24 (3)

Female: 23 (3)

- Clinical neuropathy: 9.4%

Autonomic neuropathy: 8.3%

Retinopathy:

Microaneurysms only: 58%
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Mild: 23%

Moderate: 19%

all: 46 27(7) 9.0 (1.5) Male: 24 (3)

Female: 24 (3)

- Clinical neuropathy: 9.4%

Autonomic neuropathy: 6.8%

Retinopathy:

Microaneurysms only: 53%

Mild: 20%

Moderate: 17%

I: intensive
therapy

42 42 (12) / 24-60 11.7 (1.6) 25 (4) / 20 -29) 1 patient re-
ceived antihy-
pertensive
therapy

-

C: conventional
therapy

32 43 (13) / 21-60 11.8 (2.1) 25 (2) / 21-29 2 patients re-
ceived antihy-
pertensive
therapy

-

Holman 1983

all: 37 43 (12) / 21-60 11.8 (1.9) 25 (3) / 20-29 3 patients re-
ceived antihy-
pertensive
therapy

-

I: intensive
therapy

43 27 (8) 12.4 (5.5) 23 (1)a - -

C: conventional
therapy

47 29 (8) 13.1 (6.2) 24 (4)a - -

Linn 1996

all: 45 28 (8) 12.7 (5.8) 23 (3) - -

I: intensive
therapy

25 37 / 19-59 10.3 (1.9b) 26 / 18-40 - Retinopathy: 11 patientsMCSG 1995

C: conventional
therapy

29 37 / 17-58 9.8 (1.6b) 26 / 19-34 - Retinopathy: 12 patients
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all: 27 37 / 17-59 10.1 (-) 26 / 18-40 - Retinopathy: 23 patients

I: intensive
therapy

21 35 (6) / 21-50 - 28 (8) / 19-57c Immunosu-
pression reg-
imens; most
patients re-
ceived med-
ication for hy-
pertension

Most patients had hypertension

C: conventional
therapy

28 36 (8) / 21-58 - 26 (4) / 21-49c    

MDCCT 1994

all: 24 35 (7) / 21-58 - 27 (6) / 19-57c    

I1: intensive
therapy, MI

53 26 / 19-42 9.4 (0.4d) 72 (10)e None Retinopathy grade > 1: 12 patients

I2: intensive
therapy, CSII

53 26 / 18-32 10.1 (0.4d) 69 (9)e None Retinopathy grade > 1: 10 patients

C: conventional
therapy

53 26 / 18-36 9.5 (0.4d) 71 (9)e None Retinopathy grade > 1: 12 patients

Oslo 1987

all: 53 26 / 18-42 9.7 (1.5) 70 (9)e None 34 patients with simplex retinopathy

I: intensive
therapy

53 36 / 21-51f 9.7 (7.4-12.1)g 106 / 84-123f,h 1 patient had
well-
regulated hy-
pertension
treated with
25mg hy-
droflume-
thizide daily.
Otherwise no
co-medica-
tion

Intermittent proteinuria: 5 patients

C: conventional
therapy

40 32 / 24-26f 8.6 (6.0-10.4)g 100 / 79-123f,h No co-med-
ication

Intermittent proteinuria: 5 patients

Steno 1 1983

all: 47 21-519 6.0-12.1i 79-123h,i   Intermittent proteinuria: 10 patients

  (Continued)
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I: intensive
therapy

39 32 / 18-48f 9.5 (6.6-13.6)f - - Retinopathy simplex: 12 patients

Retinopathy, proliferative: 1

C: conventional
therapy

44 29 / 18-47f 9.3 (7.0-11.7)f - - Retinopathy simplex: 11 patients

Retinopathy, proliferative: 1

Steno 2 1986

all: 42 18-48i 7.0-11.7i - - Retinopathy simplex: 23 patients

Retinopathy, proliferative: 2

I: intensive
therapy

45 37 (10) 10.8 (1.4) 26 (4) - -

C: conventional
therapy

45 38 (9) 11.1 (1.8) 26 (4) - -

Verrillo 1988

all: 45 38 (9) 11.0 (1.6) 26 (4) - -

I: intensive
therapy

55 12 (3) 8.2 (1.1) - - -

C: conventional
therapy

35 12 (3) 8.1 (0.9) - - -

Wysocki 2003
g

all: 44 12 (3) 8.1 (1.0) - - -

Footnotes

"-" denotes not reported

aValues read from figure 1 in Linn 1996, measured ˜ 6 months after baseline

bIn the publication described as standard error of the mean, but the standard deviation appears more plausible

cOnly includes patients who completed the study

dProbably standard error of the mean

eMean body weight in kg

fMedian/range

gMean/range
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hValues denote % of ideal body weight

iRange

BMI: body mass index; CSII: continuous subcutaneous insulin infusion; HbA1c: glycosylated haemoglobin A1c; MI: multiple daily injections; SD: standard deviation

  (Continued)
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Appendix 5. Matrix of study endpoints (publications)

 

Characteristic

Study ID

Endpoint reported in publication Endpoint not re-
ported in publica-
tion

Time of measurementa

Review's primary outcomes reported in publication

Myocardial infarction (fatal/ non-fatal)c   Throughout study period

Stroke (fatal, non-fatal)c   Throughout study period

Retinopathy (Manifestation / Progression mixed) x  

Neuropathy (Manifestation/ Progression) x  

Nephropathy (Manifestation/ Progression) x  

Endstage renal disease x  

Hypoglycaemic episodes, severe (O)   Throughout study period

Review's secondary outcomes reported in publication

Adverse events, serious x  

Adverse events, all x  

Hypoglycaemic episodes x  

Ketoacidosis (O)   Throughout study period

Weight gain (O)   0, 6, 12 mo

All-cause mortality (O)   Throughout study period

Health-related quality of life x  

Costs x  

Other than review's primary/secondary outcomes reported in publication (classification: P/S/O)b

HbA1c (O), diabetes-related knowledge (O), compliance (O), frequency of metabolic self-monitoring (O)

Subgroups reported in publication

Bucharest-Düssel-
dorf 1984

-

Review's primary outcomes reported in publication Endpoint not re-
ported in publica-
tion

Time of measurementaDCCT 1993

(DCCT1 & DCCT2)

Myocardial infarction (fatal/ non-fatal) (O)   1-9 y (yearly), endpoint
(3.5-9 y)
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Stroke (fatal, non-fatal) (O)   1-9 y (yearly), endpoint
(3.5-9 y)

Retinopathy (Manifestation / Progression) (P)e    

Neuropathy (Manifestation/ Progression) (O)   0, 5 y

Nephropathy (Manifestation/ Progression) (O)   0, then yearly until end-
point (3.5-9 y)

Endstage renal disease x  

Hypoglycaemic episodes, severe (O)   Throughout study period

Review's secondary outcomes reported in publication

Adverse events, serious x  

Adverse events, all x  

Hypoglycaemic episodes (O)   Throughout study period

Ketoacidosis (O)   Throughout study period

Weight gain (O)   Yearly until endpoint

All-cause mortality (O)   Throughout study period

Health-related quality of life (O)   0, then yearly until end-
point (3.5-9 y)

Costs (O)   Throughout study period

Other than review's primary/secondary outcomes reported in publication (classification: P/S/O)b

HbA1c (O), Home blood glucose profiles (O), Triglycerides (O), Total cholesterol (O), HDL cholesterol (O), Rest-
ing ECG (O), Neurobehavioral assessment (O), Psychological symptoms (O), Diet history (O), insulin dose (O),
Significant ventricular arrhythmia (O), Congestive heart failure (O), Transient ischaemic attack (O), Hyperten-
sion (O), Severe lipid abnormality (O), Adherence (O)

Subgroups reported in publication

Age, gender, diabetes duration, different cardiovascular risk factors, HbA1c baseline level

Review's primary outcomes reported in publication Endpoint not re-
ported in publica-
tion

Time of measurementa

Myocardial infarction (fatal/ non-fatal)c   2 y

Stroke (fatal, non-fatal)c   2 y

Retinopathy (Manifestation/ Progression) (O)   0,1, 2 y

Holman 1983

Neuropathy (Manifestation and progression mixed) (O)   0,1,2 y

  (Continued)
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Nephropathy (Manifestation and progression mixed) (O)   0,1,2 y

Endstage renal disease x  

Hypoglycaemic episodes, severe (O)   2 y

Review's secondary outcomes reported in publication

Adverse events, serious x  

Adverse events, all x  

Hypoglycaemic episodes x  

Ketoacidosis x  

Weight gain   0, then every 4 mo for up
to 2 y

All-cause mortality   2 y

Health-related quality of life x  

Costs x  

Other than review's primary/secondary outcomes reported in publication (classification: P/S/O)b

Hba1c (O), Blood pressure (O), Insulin dose (O), Cardiac ischaemia (O), LDL and HDL Cholersterol (O), Triglyc-
erides, N-acetylglucosaminidase (O)

Subgroups reported in publication

-

Review's primary outcomes reported in publication Endpoint not re-
ported in publica-
tion

Time of measurementa

Myocardial infarction (fatal/ non-fatal) x  

Stroke (fatal, non-fatal) x  

Retinopathy (Manifestation and Progression mixed) (O)   0,1,2,3,4,5 y

Neuropathy (Manifestation/ Progression) (O)   0,1,2,3,4,5 y

Nephropathy (Manifestation/ Progression) (O)   0,1,2,3,4,5 y

Endstage renal disease x  

Hypoglycaemic episodes, severe (O)   Throughout study period

Review's secondary outcomes reported in publication

Linn 1996

Adverse events, serious x  

  (Continued)
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Adverse events, all x  

Hypoglycaemic episodes   Throughout study period

Ketoacidosis (O) x  

Weight gain x  

All-cause mortality x  

Health-related quality of life x  

Costs x  

Other than review's primary/secondary outcomes reported in publication (classification: P/S/O)b

Glucagon-stimulated C-peptide (O), arginine-stimulated insulin secretion (O), insulin sensitivity (O)

Subgroups reported in publication

-

Review's primary outcomes reported in publication Endpoint not re-
ported in publica-
tion

Time of measurementa

Myocardial infarction (fatal/ non-fatal) x  

Stroke (fatal, non-fatal) x  

Retinopathy (Manifestation/ Progression) (O)   0, then every 6 mo until
endpoint (max = 8 y)

Neuropathy (Manifestation/ Progression) (O) x  

Nephropathy (Manifestation/ Progression) (P)   0, then every 6 mo until
endpoint (max = 8 y)

Endstage renal disease (O)   within first 2 y, endpoint
(max = 8 y)

Hypoglycaemic episodes, severe (O)   0, then every 6 mo until
endpoint (max = 8 y)

Review's secondary outcomes reported in publication

Adverse events, serious x  

Adverse events, all x  

Hypoglycaemic episodes, all x  

Ketoacidosis   0, then every 6 mo until
endpoint (max = 8 y)

MCSG 1995

Weight gain x  

  (Continued)
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All-cause mortality   0, then every 6 mo until
endpoint (max = 8 y)

Health-related quality of life x  

Costs x  

Other than review's primary/secondary outcomes reported in publication (classification: P/S/O)b

HbA1c (O), Blood pressure (O)

Subgroups reported in publication

-

Review's primary outcomes reported in publication Endpoint not re-
ported in publica-
tion

Time of measurementa

Myocardial infarction (fatal/ non-fatal) x  

Stroke (fatal, non-fatal) x  

Retinopathy (Manifestation / Progression) x  

Neuropathy (Manifestation/ Progression) x  

Nephropathy (Manifestation / Progression) (P)   0, 5 yd

Endstage renal disease x  

Hypoglycaemic episodes, severe (O)   Throughout study period

Review's secondary outcomes reported in publication

Adverse events, serious x  

Adverse events, all x  

Hypoglycaemic episodes (O)   Throughout study period

Ketoacidosis x  

Weight gain (O)    

All-cause mortality (O)   Throughout study period

Health-related quality of life x  

Costs x  

Other than review's primary/secondary outcomes reported in publication (classification: P/S/O)b

MDCCT 1994

HbA1c (O), Blood pressure (O), different morphometric measures of the kidney biopsy samples (P), insulin
dose (O)

  (Continued)
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Subgroups reported in publication

-

Review's primary outcomes reported in publication Endpoint not re-
ported in publica-
tion

Time of measurementa

Myocardial infarction (fatal/ non-fatal) x  

Stroke (fatal, non-fatal) x  

Retinopathy (Manifestation and Progression mixed) (O)   -2,0,3,6,12,24,41 mo

Neuropathy (Manifestation/ Progression) (O)   0, 2 y

Nephropathy (Manifestation/ Progression) (O)   -2 mo, 1st year, 2nd year,
3rd & 4th year

Endstage renal disease (O)   0, 6-8 mo

Hypoglycaemic episodes, severe (O)   During first two years

Review's secondary outcomes reported in publication

Adverse events, serious x  

Adverse events, all x  

Hypoglycaemic episodes (O)   Monthly during first year,
bi-monthly after that

Ketoacidosis (O)   During first two years

Weight gain (O)   2 y

All-cause mortality (O)   Throughout study period

Health-related quality of life x  

Costs x  

Other than review's primary/secondary outcomes reported in publication (classification: P/S/O)b

HbA1c (O), Insulin antibodies (O), Blood glucose profiles (O), Diet (O), Insulin requirement (O)

Subgroups reported in publication

Oslo 1987

Two intervention groups: multiple injections and continuous subcutaneous insulin infusion

Review's primary outcomes reported in publication Endpoint not re-
ported in publica-
tion

Time of measurementaSteno 1 1983

Myocardial infarction (fatal/ non-fatal) x  

  (Continued)
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Stroke (fatal, non-fatal) x  

Retinopathy (Manifestation/ Progression) (P)   0,6,12 mo

Neuropathy (Manifestation and Progression mixed) (O)   0,6,12 mo

Nephropathy (Manifestation/ Progression) x  

Hypoglycaemic episodes, severe (O)   Throughout study period

Review's secondary outcomes reported in publication

Adverse events, serious x  

Adverse events, all x  

Hypoglycaemic episodes (O)   4,8, and 12 mo

Ketoacidosis (O)   Throughout study period

Weight gain x  

All-cause mortalityc   Throughout study period

Health-related quality of life x  

Costs x  

Other than review's primary/secondary outcomes reported in publication (classification: P/S/O)b

HbA1c (O), Fasting and 1.5h postprandial blood glucose (O)

Subgroups reported in publication

 

Review's primary outcomes reported in publication Endpoint not re-
ported in publica-
tion

Time of measurementa

Myocardial infarction (fatal/ non-fatal) x  

Stroke (fatal, non-fatal) x  

Retinopathy (Manifestation and Progression mixed) (O)   0,6,12,24 mo

Neuropathy (Manifestation/ Progression) x  

Nephropathy (Manifestation/ Progression) (P)   Every other month until
endpoint

Endstage renal disease x  

Hypoglycaemic episodes, severe (O)   Throughout study period

Steno 2 1986

Review's secondary outcomes reported in publication

  (Continued)
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Adverse events, serious x  

Adverse events, all x  

Hypoglycaemic episodes (O)   Throughout study period

Ketoacidosis (O)   Throughout study period

Weight gain x  

All-cause mortalityc   Throughout study period

Health-related quality of life x  

Costs x  

Other than review's primary/secondary outcomes reported in publication (classification: P/S/O)b

HbA1c (O), Peripheral vascular disease (O), blood pressure (O),

Subgroups reported in publication

-

Review's primary outcomes reported in publication Endpoint not re-
ported in publica-
tion

Time of measurementa

Myocardial infarction (fatal/ non-fatal) x  

Stroke (fatal, non-fatal) x  

Retinopathy (Manifestation / Progression) (P)   0, 1, 3, 5 y

Neuropathy (Manifestation/ Progression) x  

Nephropathy (Manifestation/ Progression) x  

Endstage renal disease x  

Hypoglycaemic episodes, severe (O)   Throughout study period

Review's secondary outcomes reported in publication

Adverse events, serious x  

Adverse events, all x  

Hypoglycaemic episodes (O)   Throughout study period

Ketoacidosis x  

Weight gain x  

Verrillo 1988

All-cause mortality x  

  (Continued)
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Health-related quality of life x  

Costs x  

Other than review's primary/secondary outcomes reported in publication (classification: P/S/O)b

HbA1c (O), plasma glucose profile (O)

Subgroups reported in publication

-

Review's primary outcomes reported in publication Endpoint not re-
ported in publica-
tion

Time of measurementa

Myocardial infarction (fatal/ non-fatal) x  

Stroke (fatal, non-fatal) x  

Retinopathy (Manifestation / Progression mixed) x  

Neuropathy (Manifestation/ Progression) x  

Nephropathy (Manifestation/ Progression) x  

Endstage renal disease x  

Hypoglycaemic episodes, severe (O)   Throughout study period

Review's secondary outcomes reported in publication

Adverse events, serious x  

Adverse events, all x  

Hypoglycaemic episodes x  

Ketoacidosis x  

Weight gain (O)   Quarterly

All-cause mortality x  

Health-related quality of life x  

Costs x  

Other than review's primary/secondary outcomes reported in publication (classification: P/S/O)b

HbA1c (O), intelligence quotient (O), hospitalizations (O), emergency room admissions (O), height (O), Tanner
stage of pubertal development (O), autonomy/maturity ratio (O)

Subgroups reported in publication

Wysocki 2003

-
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aUnderlined data denote times of measurement for primary and secondary review outcomes, if measured and reported in the results
section of the publication (other times represent planned but not reported points in time)

b(P) Primary or (S) secondary endpoint(s) refer to verbatim statements in the publication, (O) other endpoints relate to outcomes
which were not specified as 'primary' or 'secondary' outcomes in the publication

cNot explicitly reported, but could be deduced

dDeveopment of diabetic renal lesions in transplanted kidneys

eThe primary endpoint of the DCCT1 was the manifestation of retinopathy, the primary endpoint of the DCCT2 was progression of
retinopathy

DCCT: 'Diabetes Control and Complications Trial'; FBG: fasting blood glucose; HbA1c: glycosylated haemoglobin A1c; HDL: high-den-
sity lipoprotein; LDL: low-density lipoprotein; mo: months; PPG (postprandial glucose), y: years

  (Continued)

 

Appendix 6. Matrix of study endpoints (trial documents)

 

Characteristic / Study
ID (trial identifier)

Endpoint Time of measurement a

Retinopathy, Manifestation and Progression (P)d 0 + every six months

HbA1c (O) N/A

Home blood glucose profiles (O) N/A

Nephropathy (S)e 0 + yearly

Autonomic Neuropathy (S) 0 + every other year

Peripheral Neuropathy (S) 0, 5 y, study termination

Peripheral vascular disease (O) N/A

Triglycerides (O) N/A

Total cholesterol (O) N/A

HDL cholesterol (O) N/A

Resting ECG (O) N/A

Neurobehavioral assessment (O) N/A

Psychological symptoms (O) N/A

Quality of life (O) 0 + yearly

Diet history (O) N/A

Adverse events (P)f Throughout study period

DCCT 1993 (DCCT1 &
DCCT2)

Myocardial infarction (S) Throughout study period
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Significant ventricular arrhythmia (O) N/A

Congestive heart failure (O) N/A

Definitive cerebrovascular accident (O) Throughout study period

Transient ischaemic attack (O) N/A

Hypertension (O) N/A

Severe lipid abnormality (O) N/A

Adherence (O) N/A

Footnotes

aUnderlined data denote times of measurement for primary and secondary review outcomes, if measured and reported in the results
section of the publication (other times represent planned but not reported points in time)

bEndpoint in bold/italic = review primary/secondary outcome

c(P) Primary or (S) secondary endpoint(s) refer to verbatim statements in the publication, (O) other endpoints relate to outcomes
which were not specified as 'primary' or 'secondary' outcomes in the report

dMeasures included visual acuity, intraocular pressure, slit lamp once a year, stereo fundus photography every six months and stereo
fluorescein angiography, which was only performed in the primary prevention group at baseline, after 5 years and after 9 years

eMeasures include tests for microalbuminuria, creatinine clearance, serum creatinine, serum albumin

fIncluded death, severe hypoglycaemia, ketoacidosis, weight gain, inability to maintain normal growth and development, inability to
maintain psychological well-being, cerebral dysfunction

ECG: electrocardiogram; HbA1c: glycosylated haemoglobin A1c; HDL: high density lipoprotein; mo: months; N/A: not applicable

  (Continued)

 

Appendix 7. Examination of outcome reporting bias

 

Study ID Outcome Clear that
outcome was
measured
and analyse-

da [trial re-
port states
that outcome
was analysed
but only re-
ports that re-
sult was not
significant]

Clear that
outcome
was mea-
sured and

analysedb

[trial report
states that
outcome was
analysed but
no results re-
ported]

Clear that out-
come was mea-

suredc [clear that
outcome was mea-
sured but not nec-
essarily analysed
(judgement says
likely to have been
analysed but not
reported because
of non-significant
results)]

Unclear whether
the outcome was

measuredd [not
mentioned but
clinical judgement
says likely to have
been measured
and analysed but
not reported on
the basis of non-
significant results]

Bucharest-Düs-
seldorf 1984

Symptomatic hypoglycaemia x      

DCCT 1993 
(DCCT 1 & DCCT
2)

Weight gain   x    
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DCCT 1993 
(DCCT 1 & DCCT
2)

Adverse events       x

Holman 1983 Autonomic neuropathy x      

Linn 1996 Retinopathy x      

MCSG 1995 Adverse events       x

MDCCT 1994 Overall hypoglycaemia x      

Oslo 1987 Neuropathy (autonomic and

peripheral)e

    x  

Steno 1 1983 Weight gain       x

Adverse events       xSteno 2 1986

Mortality       x

Verrillo 1988 Mild hypoglycaemia x      

Adverse events       x

Mortality       x

Wysocki 2003

Weight gain   x    

Footnotes

'High risk of bias' categories for outcome reporting bias according to the Outcome Reporting Bias In Trials (ORBIT) study classifica-
tion system for missing or incomplete outcome reporting in reports of randomised trials (Kirkham 2010)

aClassification 'A' (table 2, Kirkham 2010)

bClassification 'D' (table 2, Kirkham 2010)

cClassification 'E' (table 2, Kirkham 2010)

dClassification 'G' (table 2, Kirkham 2010)

eResults on neuropathy were reported in the 2-year extension study (Lauritzen 1985) including baseline measurements. We therefore
assume that results might have also been available at 1 year

  (Continued)

 

Appendix 8. Definition of endpoint measurement (I)

 

Characteris-
tic

Study ID

Myocardial
infarction

Stroke Retinopathy Neuropathy Nephropathy

Bucharest-
Düsseldorf
1984

N/A N/A N/A N/A N/A
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DCCT1&2
1993

- - Grading according to ETDRS proto-

col (25-step scale)a:

Manifestation: change of at least
three steps from baseline sus-
tained for at least six months in

primary prevention group;b

Progression: change of at least
three steps from baseline sus-
tained for at least six months in

secondary intervention groupc

Confirmed clini-
cal neuropathy:
abnormal neu-
rologic exami-

nationa + either
abnormal nerve
conduction in
at least two pe-
ripheral nerves
or abnormal au-
tonomic-nerve
testing

Microalbuminuria:
albumin excretion
rate ≥ 40 mg/24h

Clinical albuminuria:
albumin excretion

rate ≥ 300 mg/24hd

Holman 1983 Fatal: -

Non-fatal: N/A

Fatal: N/A

Non-fatal: N/A

Retinal colour photography, fluo-
rescein angiography; retinopathy
index (RI);

RI = (log10 ma + 0.38 log10 cws +

0.21 √hm + 0.17 √ex + 4.8)

ma: number of microaneurysms,
cws: number of cotton-wool spots,
hm: areas of haemorrhage, ex:
number of exudates

Autonomic neu-
ropathy: ly-
ing/standing
30/15 ratio;

peripheral neu-
ropathy: vibra-
tion sensory
threshold

Plasma creatinine
and creatinine clear-
ance

Linn 1996 N/A N/A Screening according to the recom-
mendations of the Early Treatment
Diabetic Retinopathy Study Group
and the St. Vincent Declaration

At least three of
the following:
clinical symp-
toms, signs,
quantitative sen-
sory testing, and
peroneal motor
nerve conduc-
tion velocity (fol-
lowing the San
Antonio Consen-
sus Statement)

Urinary albumin ex-
cretion was used as a
screening test for di-
abetic nephropathy.

MCSG 1995 Fatal: N/A

Non-fatal: N/A

Fatal: N/A

Non-fatal: N/A

Retinal appearances graded ac-
cording to the scoring system used
in the WHO multinational study of

vascular disease in diabetese

N/A Progression: change
from microalbumin-
uria to clinical albu-
minuria

MDCCT 1994 N/A N/A N/A N/A Manifestation of
nephropathy: renal
glomerular mesan-
gial expansion, de-
termined by electron
microscopy of renal
biopsy samples

No definition regard-
ing the minimum lev-
el of expansion con-
stituting nephropa-
thy

Oslo 1987 N/A N/A Color fundus photography: Count-
ing of microaneurysms and haem-
orrhages as “red spots”;

Measurement
of motor nerve
conduction ve-

Measurement of uri-
nary albumin excre-
tion
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Fluorescein angiography:

rating “better”, “worse” or “un-
changed”

locities; no def-
inition of which
velocities consti-
tute neuropathy

Steno 1 1983 Fatal:N/A

Non-fatal: N/A

Fatal: N/A

Non-fatal: N/A

Color fundus photography, fluo-
rescein angiography

Retinal morphology: blind rating
by two independent ophthalmolo-
gists: deterioration, no change, im-
provement

Retinal function: macular recovery
time and oscillatory potential

- N/A

Steno 2 1986 N/A N/A Exam with ophthalmoscope N/A Progression: clinical
diabetic nephropa-
thy: albumin ex-
cretion rate >
300mg/24h (200 ug/
min) in two of three
24h specimens,

Also measurement of
glomerular filtration
rate and serum crea-
tinine

Verillo 1988 N/A N/A Grading of fluorescein angiograms,
fundal photographs and oph-
thalmoscopy results: grade 0-5
(no retinopathy – proliferative
retinopathy)

N/A N/A

Wysocki 2003 N/A N/A N/A N/A N/A

Footnotes

"-" denotes not reported

aDefined by at least two of the following: symptoms consistent with peripheral neuropathy, abnormal sensory examination findings,
or absent or decreased deep tendon reflexes

bIn DCCT 1995a the primary outcome for retinopathy manifestation is defined as the presence of at least one microaneurysm in ei-
ther eye at two consecutive 6-monthly gradings

cIn DCCT 1995a, the primary outcome for retinopathy progression was defined as a three-step change without the requirement of
presence in two consecutive 6-monthly gradings

dIn DCCT 1995b, an additional more advanced level of microalbuminuria was defined at >100 mg/24h

eJarret RJ, Keen H, Grabauskas V. The WHO multinational study of vascular disease in diabetes; general description. Diabetes Care
1979;2: 175-86.

ETDRS : Early Treatment Diabetic Retinopathy Study; N/A: not applicable, PVD: peripheral vascular disease
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Appendix 9. Definition of endpoint measurement (II)
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Character-
istic

Study ID

End-stage
renal dis-
ease

Health-re-
lated qual-
ity of life

Hypoglycaemia Ketoacidosis Other
adverse
events

Costs

Bucharest-
Düsseldorf
1984

N/A N/A All: -

Severe: loss of consciousness, either
treated by intravenous glucose admin-
istration or glucagon injection

Hypergly-
caemic ketot-
ic metabolic
decompensa-
tion with clini-
cal signs of ke-
toacidosis, ar-
terial pH < 7.3,
and hospital
treatment

BMI at end-
point and
baseline

N/A

DCCT1&2
1993

N/A DQOL,
scale form
0 (low-
est)-100
(highest),
was devel-
oped for
the DCCT,

SCL-90R,
SF-36

Severe: requiring assistance of anoth-
er person + blood glucose < 50 mg/dL
or prompt recovery after oral carbohy-
drate or intravenous glucagon or glu-
cose

Four criteria
had to be satis-
fied:

blood glucose
> 250 mg/dL,
presence of
large/moder-
ate ketones in
urine or serum,
at least one of
the following:
arterial blood
pH < 7.30, ve-
nous blood pH
< 7.25, serum
bicarbonate
< 15 mEq/L,
treatment with-
in a healthcare
facility

Weight
gain: Over-
weight:
Men: BMI ≥

27.8 kg/m2,
Women:
BMI ≥ 27.3

kg/m2

Major
weight
gain: BMI
increase by
more than

5 kg/m2

Product of
resources
used and
unit costs
of those re-
sources.
Time away
from usu-
al activities
(e.g. time
lost from
work) was
not includ-
ed

Linn 1996 N/A N/A All: blood glucose value < 3.5 mmol/L

Severe: -

N/A Weight
gain: ex-
pressed as
an increase
in body
mass index

N/A

Holman
1983

N/A N/A All: N/A

Severe: requiring hospital admission

N/A Weight
gain: -

N/A

MCSG 1995 Measured
through
glomeru-
lar filtration
rate, but no
threshold
specified

N/A All: N/A

Severe: assistance of another person
required

- Weight
gain: -

N/A

MDCCT
1994

N/A N/A Severe: episode of behavioural change
requiring the help of others for treat-
ment

N/A - N/A
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Moderately severe: severe hypergly-
caemic symptoms but with preserved
capability for self-treatment

Oslo 1987 N/A N/A All: symptomatic and home measured
blood glucose values < 2.5 mmol/L (45
mg/dL)

Severe: hypoglycaemic coma

- Body
weight in
kg

N/A

Steno 1
1983

N/A N/A All: blood glucose value < 2.5 mmol/L
(45 mg/dL), assessed during test nights
in hospital

Severe: requiring hospital admission

- N/A N/A

Steno 2
1986

N/A N/A All: blood glucose value < 2.5 mmol/L
(45 mg/dL)

Severe: requiring medical intervention

- N/A N/A

Verillo
1988

N/A N/A All: self-treated

Severe: requiring hospital admission

N/A N/A N/A

Wysocki
2003

N/A N/A All: N/A

Severe: coma or seizure, or an episode
requiring administration of intra-
venous glucagon, dextrose or assis-
tance from another person;

Documented by parents

N/A N/A N/A

Footnotes

"-" denotes not reported

BMI: body mass index; DQOL: diabetes quality of life questionnaire; N/A: not applicable

  (Continued)
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Appendix 10. Adverse events (I)

Character-
istic

Study ID

Intervention(s) and com-
parator(s)

Ran-
domised /
Safety

[N]a

Deaths
[N]

Deaths
[%]

All ad-
verse
events [N]

All ad-
verse
events
[%]

Se-
vere/se-
rious ad-
verse
events [N]

Se-
vere/se-
rious ad-
verse
events
[%]

LeR study
due to
adverse
events [n]

LeR study
due to
adverse
events
[%]

I: intensive therapy - B 100 0 0.0            

C1: basic - C 100 0 0.0            

C2: conventional - A 100 4 4.0            

Bucharest-
Düsseldorf
1984

all: 300 4 1.3            

I: intensive therapy 348 2 0.6            

C: conventional therapy 378 2 0.5            

DCCT1 1993

all: 726 4 0.6            

I: intensive therapy 363 5 1.4            

C: conventional therapy 352 2 0.6            

DCCT2 1993

all: 715 7 1.0            

I: intensive therapy 36 1 2.8         0  

C: conventional therapy 38 1 2.6         1 2.6

Holman
1983

all: 74 2 2.7         1 1.4

I: intensive therapy 23                

C: conventional therapy 19                

Linn 1996

all: 42                

MSCG 1995 I: intensive therapy 36 0 0.0            
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C: conventional therapy 34 1 2.9            

all: 70 1 1.4         0  

I: intensive therapy 52 7 13.5            

C: conventional therapy 47 8 17.0            

MDCCT
1994

all: 99 15 15.2            

I1: intensive therapy, multiple
injections

15 0 0.0            

I2: intensive therapy, continu-
ous insulin infusion

15 0 0.0            

C: conventional therapy 15 0 0.0            

Oslo 1987

all: 45 0              

I: intensive therapy 15 0 0.0            

C: conventional therapy 15 0 0.0            

Steno 1
1983

all: 30 0 0.0            

I: intensive therapy 18 0 0.0            

C: conventional therapy 18 0 0.0            

Steno 2
1986

all: 36 0 0.0            

I: intensive therapy 22 0 0.0            

C: conventional therapy 22 0 0.0            

Verrillo
1988

all: 44 0 0.0            

I: intensive therapy 72                Wysocki
2003

C: conventional therapy 70                
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all: 142                

Footnotes

"-" denotes not reported

aThe number of patients provided here might not be the number of patients randomised if a different number of patients was relevant for the analysis of adverse events

C: comparator; I: intervention
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Appendix 11. Adverse events (II)

Charac-
teristic
Study ID

Intervention(s) and
comparator(s)

[n] Ran-
domised /

Safetya

All hypo-
glycaemic
episodes
[n]

All hypo-
glycaemic
episodes
[%]

Severe /
serious
hypogly-
caemic
episodes
[n]

Severe / se-
rious hypo-
glycaemic
episodes
[%]

Ketoaci-
dotic
episodes
[n]

Ketoaci-
dotic
episodes
[%]

Weight
gain
[mean]

Weight
gain [SD]

I: intensive therapy 98     12 12.2 2 2.0    

C1: basic - C 92     5 5.4 3 3.3    

C2: conventional - A 97     6 6.2 13 13.4    

Bucharest-
Düssel-
dorf 1984

all: 287     23 8.0 18 6.3    

I: intensive therapy 348     207 59.5 38 10.9    

C: conventional therapy 378     105 27.8 37 9.8    

DCCT1
1993

all: 726     312 43.0 75 10.3    

I: intensive therapy 363     252 69.4 33 9.1    

C: conventional therapy 352     150 42.6 22 6.3    

DCCT2
1993

all: 715     402 56.2 55 7.7    

I: intensive therapy 36     1 2.8 0 0.0    

C: conventional therapy 38     1 2.6 0 0.0    

Holman
1983

all: 74     2 2.7 0 0.0    

I: intensive therapy 23     0 0.0        

C: conventional therapy 19     0 0.0        

Linn 1996

all: 42     0 0.0        

MCSG
1995

I: intensive therapy 36     5 13.9 3      
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C: conventional therapy 34     5 14.7 2      

all: 70     10 14.3 5      

I: intensive therapy 52                

C: conventional therapy 47                

MDCCT
1994

all: 99                

I1: intensive therapy: multiple
injections

15     6 40.0 0 0.0 3.4 1.2

I2: intensive therapy: continu-
ous insulin infusion

15     2 13.3 2 13.3 1.9 1.1

C: conventional 15     7 46.7 0 0.0 -0.6 1.2

Oslo 1987

all: 45     15 33.3 2 4.4    

I: intensive therapy 15 6 40.0 3 20.0 1 6.7    

C: conventional therapy 15 4 26.7 2 13.3 1 6.7    

Steno 1
1983

all: 30 10 33.3 5 16.7 2 6.7    

I: intensive therapy 18     5 27.8 4 22.2    

C: conventional therapy 18     5 27.8 0 0.0    

Steno 2
1986

all: 36     10 27.8 4 11.1    

I: intensive therapy 18     2 11.1 0      

C: conventional therapy 20     1 5.0 0      

Verrillo
1988

all: 38     3 7.9 0      

I: intensive therapy 72     32 44.4        Wisocki
2003

C: conventional therapy 70     26 37.1        
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all: 142     58 40.8        

Footnotes

"-" denotes not reported

aThe number of patients provided here might not be the number of patients randomised if a different number of patients was relevant for the analysis of adverse events

C: comparator; I: intervention
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Appendix 12. Glycosylated haemoglobin A1c (HbA1c) measurements during the study

 

Characteristic

Study ID

Intervention(s) and compara-
tor(s)

Baseline HbA1c 
[mean % (SD or
range)]

End of study
HbA1c 
[mean % (SD)
or range]

Change in
HbA1c 
[mean %
(SD)]

Between
group HbA1c 
difference
[mean % (CI/
SD)]

I: intensive therapy 12.3 (0.2 SE) 9.3aBucharest- 
Düsseldorf
1984 C: basic therapy 11.7 (0.2 SE) 11.3a

- -

I: intensive therapy 8.8 (1.6) 7.2bDCCT1 1993
(primary pre-
vention) C: conventional therapy 8.8 (1.7) 9.2b

- -

I: intensive therapy 9.0 (1.5) 7.2bDCCT2 1993
(secondary
prevention) C: conventional therapy 8.9 (1.5) 9.2b

- -

I: intensive therapy 11.7 (1.6) 10.5c (1.4)Holman 1983

C: conventional therapy 11.8 (2.1) 11.4c (1.5)

- -

I: intensive therapy 12.4 (5.5) 6.3 (1.9)Linn 1996

C: conventional therapy 13.1 (6.2) 8.1 (2.1)

- -

I: intensive therapy 10.3 (1.9d) - 0.0eMCSG 1995

C: conventional therapy 9.8 (1.6d) - + 0.2e

-

I: intensive therapy - 0.09fMDCCT 1994

C: conventional therapy - 0.11f

- 0.117 (0.013)g

I1: intensive therapy, MI 9.4 (0.4 SEh) 9.1 (0.4 SE)h

I2: intensive therapy, CSII 10.1 (0.4 SEh) 8.7 (0.3 SE)h

Oslo 1987

C: conventional therapy 9.5 (0.4 SEh) 10.2 (0.5 SE)h

- -

I: intensive therapy 9.7 (7.4-12.1) 6.7 (5.6-8.0)iSteno 1 1983

C: conventional therapy 8.6 (6.0-10.4) 8.3 (6.3-10.7)i

- -

I: intensive therapy 9.5 (6.6-13.6) 7.2 (5.9-8.8)jSteno 2 1986

C: conventional therapy 9.3 (7.0-11.7) 8.6 (7.2-13.3)j

- -

I: intensive therapy 10.8 (1.4) 7.9Verrillo 1988

C: conventional therapy 11.1 (1.8) 8.7

- -
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I: intensive therapy 8.2 (1.1) 7.8 (0.9)Wysocki 2003 g

C: conventional therapy 8.1 (0.9) 8.6 (1.1)

- -

Footnotes

"-" denotes not reported

aRead from figure 1 of the publication

bRead from figure 1, panel A of the publication for both primary and secondary prevention groups at 6.5 years (DCCT 1 and 2)

cMean of all values during the two years

dIn the publication described as standard error of the mean, but the standard deviation appears more plausible

eRead from figure of the publication (mean cumulative absolute changes in HbA1c concentration after 5 years)

fRead from figure at year 5 (HbA1 values for each full or partial patient year)

gStandard (maximized, 0.096 (SD 0.016); P < 0.001)

hHbA1 values

iMean month 3-12
jMedian of mean HbA1c from the third month of study

CI: confidence interval; CSII: continuous subcutaneous insulin infusion; DCCT: 'Diabetes Control and Complications Trial'; I: interven-
tion; MI: multiple daily injections; SD: standard deviation; SE: standard error of the mean

  (Continued)

 

Appendix 13. Survey of authors' reactions to provide information on trials

 

Study ID Study author contacted Study author
replied

Current status

Bucharest-Düssel-
dorf 1984

20/6/2013 22/6/2013 Provided more information on
study period, but original study
data not accessible anymore

DCCT1&2 1993 20/6/2013 22/6/2013: will send
data

Still waiting for data

Holman 1983 21/6/2013 No  

Linn 1996 20/6/2013 No  

MCSG 1995 21/6/2013 No  

MDCCT 1994 21/6/2013 No  

Oslo 1987 21/6/2013 04/07/2013: will
send data

Still waiting for data

Steno 1 1983 24/6/2013 No  
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Steno 2 1986 24/6/2013 25/06/2013: will
send data

Still waiting for data

Verrillo 1988 No contact information    

Wysocki 2003 12/6/2013: email to Tamara Hershey to check
whether Hershey et al 1999 
is based on subgroup of Wysocki et al. 2003

22/6/2013 contacted Neil White again

24/6/2013 contacted Tim Wysocki

12/6/2013 12/6/2013 Email forwarded to
Neil White -> no response

  (Continued)

 

W H A T ' S   N E W

 

Date Event Description

20 June 2016 Amended This review is the same as the previously published version
(CD009122.pub2). The only change is that we have corrected a
mistake in the PLS. In the 2nd sentence the correct word must be
"neuropathy" instead of "nephropathy".
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